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ABSTRACT 


The small inexpensive Petite Amateur Na ^7 SATellite (PANSAT) is the Naval 
Postgraduate School (NPS) Space Systems Academic Groups first experience with 
real-time space operations. Propelled by the success of PANSAT, NPS will follow this 
project with more complex space systems such as ORION. This thesis discusses the 
general and specific design considerations and constraints encountered,during the design 
of PANSAT, along with providing descriptions of the satellite's v’arious subsystems. The 
study also addresses the problems and procedures associated «ith obtaining a 
license, frequency assignment for PANSAT. Three viable licensing options, an amateur, 
a military and an experimental option are presented. 7 he thesis also includes a detailed 
decription of the national and international frequency regulatory agencies, for better 
understanding of the licensing procedures. 


TABLE OF CONTENTS 


I. INTRODUCTION.I 

II. GENERAL DESIGN CONSIDERATIONS FOR SATELLITES .4 

A. SUPPORT ACTIVITIES . 4 

B. DESIGN CONSIDERATIONS .6 

C. STAGES OF SATELLITE DESIGN . 9 

III. SPACECRAFT BUS DESIGN .16 

A. STRUCTURAL SUBSYSTEM .16 

B. DATA PROCESSOR AND SEQUENCER SUBSYSTEM .23 

C. THERMAL CONTROL SYSTEM .29 

D. ELECTRICAL POWER SYSTEM . 31 

IV. SPACECRAFT PAYLOAD .36 

A. COMMUNICATIONS SYSTEM .36 

B. EXPERl.MENTAL PAYLOAD .49 

V. CLASSROO.M USES FOR A SATELLITE .54 

VI. INTERNATIONAL SPECTRUM MANAGEMENT .58 

A. THE INTERNATIONAL TELECOMMUNICATIONS UNION .58 

VII. FEDERAL FREQUENCY REGULATING AGENCIES .66 

A. FEDERAL CO.M.MUNTCATIONS CO.M.MISSION .67 

B. NATIONAL TELECO.MMUNTCATIONS AND INFORMATION AD- 

.MINISTRATION .71 

VIII. A.MATEUR SATELLITE LICENSING PROCESS.76 

IX. FEDERAL AGENCY SATELLITE FREQUENCY ASSIGNMENT .90 






















X. EXPERIMENTAL SATELLITE LICENSING 


100 


XL FINAL COMMENTS . 103 

APPENDIX A. SAMPLE FCC FORM 610 .106 

APPENDIX B. SAMPLE FCC FORM 610B .108 

APPENDIX C. SAMPLE FCC FORM 854 . 109 

APPENDIX D. SAMPLE FAA FORM 7460-1 . 110 

APPENDIX E. PANSAT'S FIRST PRE-SPACE NOTIFICATION .ill 

A. SAMPLE COVER SHEET . Ill 

B. INFORMAI ION FOR ADVANCE PUBLICATION OF PANSAT AMA¬ 
TEUR RADIO SATELLITE .114 

APPENDIX F. PANSAT S SECOND PRE-SPACE NOTIFICATION .120 

A. SAMPLE COVER LETTER.120 

B. INFORMATION FOR SECOND NOTICE OF ADVANCE PUBLICA¬ 
TION OF PANSAT .122 

APPENDIX G. SAMPLE DD FORM 1494 . 129 

APPENDIX H, SFAF MESSAGE FORMAT AND EXAMPLE .134 

A. SFAF MESSAGE FORMAT FOR SPACE SYSTEMS .134 

B. SAMPLE SFAF FOR AN EARTH-TO-SPACE SYSTEM .137 

APPENDIX 1. SAMPLE FCC FORM 442 . 139 

APPENDIX J. SAMPLE FCC FORM 405 . 143 

LIST OF REFERENCES. 144 

INITIAL DISTRIBUTION LIST . 148 























LIST OF TABLES 


Table 1. PANSAT POWER BUDGET.34 

Table 2. PANSAT ECLIPSE POWER REQUIREMENTS .35 

Table 3. PANSAT LINK BUDGET .44 

Table 4. AUTHORIZED AMATEUR FREQUENCY BANDS .77 

Table 5. AUTHORIZED FREQUENCIES FOR AMATEUR SATELLITES ...19 

Table 6. AUTHORIZED AMATEUR EMISSION TYPES .81 

Table 7. AMATEUR OPERATOR LICENSE CLASSES .83 

Table 8. UHF/VHF GOVERNMENTAL FREQUENCY ALLOCATIONS _96 


vi 


/ 











LIST OF FIGURES 


Figure 1. PANSAT objccti\:s . 2 

Figure 2. PANSAT configuration.3 

Figure 3. Satellite design considerations . 7 

Figure 4. Satellite price groups . 10 

Figure 5. Component failure curve ... .......... 14 

Figure 6. Timeframe for AMSAT satellite construction. 15 

Figure 7. GAS canister mounted on space shuttle (NASA Photograph).17 

Figure S. PANS.*\T structural configuration .21 

Figure 9. PANSAT equipment plates .22 

Figure 10. PANSAT as positioned in GAS canister .24 

Figure 11. P.ANSAT end blocks .. . 25 

Figure 12. P.ANSAT diagonal supports . 26 

Figure 13. PANSAT plate supports .27 

Figure 14. P.ANSAT DP&S interfaces . .28 

Figure 15. P.ANS.AT DP&S envelope . 29 

Mgure 16. PANSAT DP&S design ...30 

Figure 17. PANSAT EPS . 35 

Figure 18. P.\NSAT Conununications and Experimental Payload Envelope .39 

Figure 19. PANSAT Ground Track (480 km, 29*) .41 

Figure 20. PANSAT Earth Footprint (480 km. 29®) .42 

Figure 21. PANS.AT's Communication System. 45 

Figure 22. P.ANS.AT Spread Spectrum Configuration .47 

Figure 23. Sliding Correlator Flow Diagram.49 

Figure 24. Solar Cell I-V Curve ...51 

Figure 25. Novel Solar Cell Biasing Circuit .52 

Figure 26. Doppler Graph .56 

Figure 27. ITU Organization .60 

Figure 28. ITU Geographical Regions . 63 

Figure 29. FCC Organizational Structure .69 

Figure 30. NTIA Structural Organization . 73 

Figure 31. National Frequency Coordination and Assignment .. . 75 

vii 


































Figure 32. Amateur License, FCC form 660 . 85 

Figure 33. Frequenej’ Allocation Application .94 







I. INTRODUCTION 


The purpose of this study is to address the various design considerations associated 
with the development of the Naval Postgraduate School's (NTS) Petite Amateur Nasy 
SATellite (PANSAl ). In addition, the thesis presents the options available for obtain¬ 
ing a frequency channel for the satellite. 

PANSAT is a small communications satellite intended for low earth orbit oper¬ 
ations. The system is presently being designed and constructed by NPS's Space System 

Academic Group. The objectives of the satellite program are threefold: 

1. To provide NTS students with educational hands-on experience in the design, de¬ 
velopment and operation of a low cost amateur satellite. 

2. To provide the amateur radio community the opportunity to work with spread 
spectrum communications in a real time or store and forward mode. PANSA’f is 
classified as an amateur platform. This allows PANSAT legitimate access to the 
amateur L HF frequency band for communications, experimentation and telemetry. 

3. To provide a space-based platform from which NPS faculty and students can con¬ 
duct small on-orbit experiments which conform to weight, space and power re¬ 
strictions. 

1-igure I is a pictorial representation of PANSAT’s objectives [Ref. 1]. 

The specific objectives of this thesis are to: (1) List the options which are available 
when licensing a satellite and to provide guidance as to the actions required to be 
undertaken to complete the process; and (2) Present topics which should be addressed 
when designing satellite systems, using PANSAT as a guideline. 

The discussion of design considerations for PANSATs systems are separated into 
two sets, the spacecraft bus and its payload. The spacecraft's bus is comprised of the 
computer, electrical power, structure and thermal control systems. PANSAT's payload 
consists of the conununications system and the experimental systems, currently made 
up of a solar cell experiment with other possible experiments being discussed. PANSAT 
is a simple satellite which weighs approximately 150 lbs. As such, there is no attitude 
control, propulsion or active thermal control systems. The spacecraft w’ill randomly 
tumble after its ejection from the Gct-Away-Spccial (GAS), canister on a future shuttle 
flight. Because there is no attitude control, the conununications antenna is isotropic. 
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Figure I. PANSAT objectives 


The modulation of the communications signal is accomplished using Di-Phasc-Sliift-Key 
(BPSK) direct sequence spread spectrum. The design life for the satellite is two years. 
PANSAT's estimated cost is 5500,000 to 5800,000. Although P.ANSAT is designed for 
a GAS canister launch, the possibility of other launch vehicles, such as Ariane, is not 
ruled out. The intended orbital altitude is 480 km at an inclination of 28.5®. Figure 2 
shows PANSAT's configuration (Ref. 1). 

To understand the processes involved with licensing a satellite, specific descriptions 
of the organizations involved, namely the Federal Communications Commission (FCC), 













Dipole Antenna. (8) or (6) Required 
lor Isotropic Ground Coverage 



Figure 2. PANSAT configuration 


National Telecommunications and Information Admini.stralion (NTIA) and the Inter¬ 
national Telecommunications L'nion (ITL ), arc included in the thesis. There are three 
licensing methods available to a satellite such as PANSAT. They are through amateur, 
governmental or e.xpcrimental channels. Each method is discussed in detail, to include 
their respective advantages and drawbacks. This study provides guidelines for actions 
required to license and contains copies of the appropriate forms to complete. 
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II. GENERAL DESIGN CONSIDERATIONS FOR SATELLITES 


This chapter discusses some of tlie support activities required ’vhcn constructing a 
satellite and presents some general design considerations which would apply to the de¬ 
sign of any type of spacecraft. 

A. SUPPORT ACTIVITIES 

The development and construction of a satellite can be a very complex process. 
Many perceive building a satellite as simply putting together technical components such 
that they form a working unit. The satellite is the end product of a massive effort by 
many people performing widely varying and seemingly unrelated tasks. It is into these 
supporting tasks that most of the work effort must go in order to realize the final oper¬ 
ational flight unit. As an e.\amplc of the supporting activities which are required to 
construct a satellite, the following is a partial list of such activities needed to build and 
operate a Radio Amateur Satellite Corporation (A.MSAT) Orbiting Satellite Carry ing 

Amateur Radio (OSCAR) satellite |Rcf. 2: p. 13-1): 

>. Design of flight hardware. 

2. Construction of flight hardware. 

3. Testing of flight hardware. 

4. Finished drafting. 

5. Interfacing with launch apency. 

a. Provide documentation related to satellite-rocket interface. 

b. Provide safety related documentation. 

6. Identifying and procuring future launches. 

7. Construction management. 

a. Parts procurement. 

b. Arrange overall timetable and deadlines. 

c. .Monitor progress of all subgroups. 

d. Allocating available resources (financial and human). 
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e. Locating volunteers with special expertise. 

8. Create launch information nets. 

9. Provide user information. 

a. 'Orbit" magazine production. 

b. Amateur Satellite Report newsletter production. 

c. Weekly AMSAT nets and information broadcasts via satellite. 

d. Respond to requests for information. 

e. Produce information programs (slide shows, videotapes). 

f. Facilitating magazine article and book production. 

g. Supporting educational programs. 

10. Fund raising. 

11. Coordination with international AMS.AT afTiIiates. 

12. Technical studies focusing on future spacecraft design. 

13. Launch operations. 

a. Travel to launch site. 

b. Ship satellite to launch site. 

c. Connect satellite to launch vehicle. 

d. Final checks. 

14. Create command station network. 

15. Miscellaneous needs. 

a. Insurance? 

b. Licensing. 

c. Procurement contracts. 

d. Corporation papers. 

16. Financial management. 

a. Overseeing record keeping. 

b. Auditing as required. 

c. Estimate future needs and cash-flow' situation. 

17. .Maintain historical records, 
a. Telemetrj’ and general. 

IS. Construction of test equipment and special test facilities. 
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As seen from this partial list, satellite production can get ver>' involved. These are only 
some of the support activities required to produce an amateur satellite. By their very 
nature, amateur bcauracratic requirements arc fewer than for a commercial or military 
satellite. With a commercial or military satellite, additions to the above list would far 
outpace any subtractions. 

B. DESIGN CONSIDERATIONS 

The design of a satellite is a complex and always changing process. So what are the 
general design considerations to think about? The first requirement is to decide what the 
spacecraft is supposed to do. What is its mission? Agrawal lists six requirements a 
spacecraft must meet to support the mission (Ref. 3 : p. 31]: 

1. Provide support to equipment in a layout that minimizes signal losses and inter* 
connections. 

2. Pros'ide the required electrical power within specified voltage tolerances. 

3. Preside temperature control within the limits imposed by satellite equipment. 

4. Keep the spacecraft attitude within allowable limits. 

5 . Provide telemetry and command services to permit ground monitoring. 

6. Provide support to the total mass with adequate stiffness, alignment, and dimen¬ 
sional stability. 

Once the mission is established, some of the general design considerations to be 
addressed arc performance, component availability, safety, cost effectiveness, 
affordability, physical limitations, mission requirements and reliability. See figure 3 (Ref. 
4: pp. 75-85j. The remainder of this chapter addresses each of these general design 
considerations in greater detail. 

Once the spacecraft's mission has been determined, a specific set of mission re¬ 
quirements are compiled. .Mission requirements are simply a more detailed explanation 
of the general mission. Details such as orbital location, pow'er output, bit rate, fre¬ 
quency band, user capacity and other related factors should be included as mission re¬ 
quirements. Based upon these .'equired capabilities, an outline is produced that will be 
filled in by specific system designs. 

Performance is a measure of the spacecraft's ability to complete its mission effec¬ 
tively. Is the mission accomplished with ease or is the reaction time too slow? Per¬ 
formance is mainly determined by the quality of the components and how they are 
interfaced with each other. The amount of money spent on the technology has a direct 
effect on perfoinancc. 
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The physical limitations of a satellite include its size, shape and weight restrictions. 
Physical limitations are mostly a function of the launch vehicle to be used. The plan for 
P.ANSAT is to use a Get-Away-Spccial (GAS) canister on the space shuttle, so 
PANS.AT's physical dimensions arc restricted to what can fit inside a G.\S canister 
providing the weight and safety restrictions are met. as specified in the GehAway-Special 
Payloads Safely Manuel. (Ref 

Availability is a measure of the effort required to obtain a desired component. How 
much lead time is required when procuring a desired component to ensure that it will 
be on hand when the installation time arrives? With some satellite systems, components 
are purchased before the first unit of that component scries has even been built. This 
practice is done to keep the system updated with the most current technology. .A major 
problem can occur usuig this procurement method if there is a delay in the component 
construction program. The component delay puslics hack the satellite completion date, 
all because of the availability consideration 






Reliability measures the expectation that a system will perform its function effec¬ 
tively over a certain period of time. This consideration can be quantified as Mcan- 
Time-Between-Failurf (.VITBF). Again, the money invested affects system reliability. 
Were the satellite to be constructed using the cheapest parts available, chances are that 
the satellite would not be verj* reliable. Conversely, to make the satellite extremely reli¬ 
able, the most expensive components should be used and every aspect of the system 
should be redundant. A problem with the second route of construction is that the sat¬ 
ellite would certainly overrun its budget constraint. The mission of the satellite must 
be considered to determine how reliable the spacecraft needs to be. A spacecraft carry¬ 
ing men, such as the shuttle, needs to be more reliable than a disposable communi¬ 
cations satellite such as CHEAPS.AT. The mission determines the middle ground extent 
of reliability required. The best way to achieve a high state of reliability is through 
testing: 

No system can achieve its purpose more reliably tlian its least reliable component. 
For this reason it becomes the job of the engineer to develop hardware that is reli¬ 
able and economical....Testing is far and away the most important ingredient in the 
development of reliable hardware. Testing should be carried out during every pliasc 
of the development. Time utilized in test programs is worth its weight in reliability 
percentages. (Ref. 6: pp. 155-I56| 

The total system reliability is a product of all the individual component reliabilities. If 
each component had a reliability of0.999 and there were 100 components in the satellite, 
then the satellite's overall reliability would be 0.999''” or about 90"'». To further increase 
reliability, redundancy is utilized, but this increases both satellite cost and weight. |Rcf. 
4: p. 9SJ 

Cost elTectiveness is another important design consideration which measures how 
well money is spent on a satellite. In the world of tightening budgets, when building 
satellites, one cannot adopt the attitude of creating the best satellite at any cost. Many 
values such as worth, probability of success, utility, effectiveness and total cost must be 
weighed to produce a cost-effective satellite design (Ref 4: p. SU). These values can be 
defined as follows: 
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Worth is a composite measure of multiple program objectives and the degree to 
which these objectives are met within the assumed structure of the program being 
analyzed. Worth may be a decaying function of rime in the case of a satellite which 
is constantly returning data. Probability of success is dcfinedas the probability that 
all required subsystems are functioning properly at a given time. Utility means 
usefulness in the sense of satisfying a need. It is considered to be the product of 
worth and the probability of success. Efl'cetiveness is considered equivalent ta util¬ 
ity. Cost requires little definition; it may be categorized as cemsumption of physical 
resources, employment of human resources, and dissipation time. [Ref. 7: p. 6] 

Going back to the space shuttle versus CHEAPSAT example, the diuttle needs to use 
top of the line equipment, based upon its reusable manned mission. It is more cost ef¬ 
fective for CHILAPSAT to use inexpensive components, due to its relatively short design 
life. 


Affordability is also an important design constraint. Affordability addresses the 
question; Will the user be able to purcha.se the satellite system at the given price ba»cd 
upon their financial resources and need for the satellite? Boyd, in his thesis, categorized 
satellite costs into four groups: Bargain (< SI million), Low Cost {SI-SIO million). Me¬ 
dium Cost (SlO-SlOO million) and High Cost (> SlOO million). PANSAT falls into the 
'Bargain' group, as illustrated in figure 4. (Ref 4: p. 78J 

The final design constraint considered in this chapter is safety. Safety is making sure 
that nobody is injured, on the ground or in space, and that the bunch vehicle is not 
damaged as a result of the satellite. Since PANSAT is designed to fly in a GAS canister 
on the shuttle, safety is the most important consideration. AH of the previously men¬ 
tioned design constraints can be tampered with, ic. sacrifice some reliability for 
affordability, but safety is a fixed quantity and cannot be com{Ht)nii$ed. 

C. STAGES OF SATELLITE DESIGN 

Now that the general design considerations have been examined, satellite con¬ 
struction from a projea manager viewpoint is looked at next. A basic six step method 
can be used to simplify the very complex satellite design process. The six steps arc [Ref. 
2: p. I3-2|: 


9 




10 











1. Preliminary design. 

2. System specification. 

3. Subsystem design and construction. 

4. Integration and testing. 

5. Launch operations. 

6. Information dissemination and post-launch management. 

Each of these stages are now examined in greater detail. 

During the preliminaiy design stage, feasibility studies are performed to determine 
the approach to be used when designing the satellite. Elements such as launch oppor¬ 
tunities, satellite mission, new technology and budget are considered. Agrawal gives the 
follow'ing reasons for feasibility studies being done during the conceptual design stage; 

To determine whether the mission performance requirements can be met within the 

mass and size constraints of the launch vehicle. The first step is to select a 

spacecraft configuration which provided a general arrangement of the sub.s\“stcms. 

The mass and power requirements of the subsystems arc estimated, based upon 

preliminary analysis and extrapolation of existing designs. [Ref. 3: p. 4] 

Before terminating the preliminary design stage and progressing on to the next stage, 
the decision must be made to actually build the satellite. Once this decision is made, the 
system specification stage begins. The end product of the system specification stage arc 
the specific subsystem requirements. 

Once the subsystem requirements are defined, the next stage is the subsystem design 
and fabrication stage. In this stage, the individual satellite subsystems arc designed, 
constructed, tested and modified as merited. Each subsystem of PANSAT is being de¬ 
signed and built by an individual or small group of thesis students at NFS. In general, 
with each of the systems, three versions of the system are constructed. First, an engi¬ 
neering development model, then a flight prototype and finally the actual flight unit are 
built. The engineering development model is the first attempt, using less expensive 
components. The flight unit is the actual system which is interfaced into the satellite. 
The flight unit uses the best and most reliable parts on-hand. Testing performed in this 
stage consists of temperature variation tests and over-and-under voltage tests. The 
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purpose is to locate potential failure points and then modify the design to correct these 
weak spots-IRef. 2: p. I3-2J 

The satellite now passes into the integration and testing stage. Integration involves 
putting aU the systems together such that a fully operational flight unit results. The 
testing portion of this stage puts the complete unit through vigorous tests to increase 
overall system reliability. Despite the high cost of testing, many designers believe this 
is the most important aspect of satellite development. Agrawal describes the testing 
process as follows [Ref. 3: p. 4): 

The spacecraA design is qualified at the subsystem and system levels by conducting 
performance, thermal and vibrational tests. Units that do not meet the performance 
requirements during the tests are redesigned and retested. After successful com¬ 
pletion of the qualification tests, the spacecraft design is finalized and the required 
number of spacecraft are fabricated. The flight spacecraft arc subjected to accept¬ 
ance tests to determine manufacturing and assembly defects. 

During the integration and testing phase, the completed flight unit goes through a 
barrage of tests including stress tests, operational checks, electrical tests and RF com¬ 
patibility tests. The satellite undergoes a burn-in period for the electrical components, 
in which the electronic systems operate at normal parameters and space temperatures, 
but under the earth's atmospheric pressure. Other stress tests include the environmental 
tests in which the satellite is operated in a vacuum and temperatures are varied over a 
wide range, roughly -20 ‘C to 60 "C. The purpose of the vacuum test is to (1) check for 
material sublimation; (2) test for corona discharge; and (3) check the interior thermal 
environment under operational conditions [Ref. 2: p. 13-3). Another type of stress test 
is the vibrational test. During tbis test, vibrational launch conditions are simulated to 
ensure that the satellite will not fall apart during launch and orbital insertion. 

A typical failure curve for mechanical and electrical components of a satellite is 
presented as figure 5 [Ref. 2: p. 13-3). Besides searching for potential failure points on 
the satellite, testing is also'pushing the satellite along that component failure curve until 
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the satellite is past the initial failure hump, depicted in figure S. By using high temper¬ 
atures and overvoltages, the time scale is compressed such that the initial failure hump 
may be passed in a couple of weeks, vice months or years. (Ref. 2: p. 13-3] 

AAer successfully completing all of tliesc tests, the satellite moves into the next de¬ 
velopment stage, the launch operations. Launch operations include the transport of the 
satellite to the launch facility, attaching the satellite to die launch vehicle, performing 
final operational checks and the actual launch. Prior to actual launch operations, many 
suppordng activities must have been performed in such areas as logisdes, procurement, 
licensing, scheduling and coordination. 

The project docs not end with the launch. Information dissemination and post¬ 
launch management is the fmal phase. Ground stations must have been constructed to 
control the satellite. Information about the satellite must be passed on to the users. 
Satellite data must be collected and evaluated. Records are required to be maintained 
describing transmission parameters. 

The time period from project inception to launch is highly variable. It depends on 
many factors such as budget constraints, human resource constraints, design complexity, 
quality of the initial design, workspace availability, case of coordination, availability of 
testing facilities, launch opportunities and many others. For a project such as PANS/\T. 
three to five years is a good estimate. As a comparative example of a similar type of 
spacecraA, figure 6 (Ref. 2: p. 13-2| shows a typical time frame for an A.VISAT satellite 
project. 

This chapter has provided several broad design considerations,'constraints which 
need to be addressed throughout the design and construction of the spacecraA. Al¬ 
though PANSAT is a relatively simple satellite, the same design process is used and the 
same design considerations arise with any satellite construction project. PANSAT re¬ 
quires designs for the following systems; 
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Figure 5. Component failure cune 

1. Communications. 

2. Experimental payload. 

3. Computer. 

4. Electrical power. 

5. Structure. 

6. Thermal (passive.. 

The next two chapters describe PANSAT'i design for the aforementioned systems and 
address specific design considerations, constraints as they apply to this satellite. 
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III. SPACECRAFT BUS DESIGN 


PANSAT’s bus consists of the structural, data pr.'tcessor and sequencer, thermal 
control, and electrical power s^^stems. This chapter describes each system as currently 
designed and presents design considerations and constrictions for the individual systems. 

A. STRUCTURAL SUBSYSTEM 

A spacecraft's structural system is basically the frame which holds all the separate 
systems together. The structural system is composed of constructional hardware such 
as beams, plates, housings, brackets, braces, attachment fittings, structural fasteners an 
other metallic and nonmctallic elements which comprise the satellite's basic frame. 
Some of the functions of the structural system include: (1) to physically support the an¬ 
tennas, solar cells, and all internal components; (2) to provide protection for the on¬ 
board components during launch and when deployed; (3) to mate with the launch 
vehicle; and (4) to conduct thermal energy into and out of the satellite's interior. The 
shapie of the satellite has a major cfTcct on the electrical power system by influencing the 
efficiency of the solar cells. Spacecraft shape also effects the thermal control of a sat¬ 
ellite, because shape is the dominant determinant of thermal equilibrium [Ref. 2: p. 
12-7). 

The structural hardware, through the course of its lifetime, absorbs energy from its 
environment in the form of stresses and heat. The absorbed energy can weaken the 
molecular structure the components, which couid resuli m rtructural failure [Ref. 5: p. 
163]. When structural failure occurs, the satellite, as an operational unit, is in severe 
jeopardy. It is important, therefore, that the structural system design be a sound one. 

NTS had decided to design the satellite to be launched in a Get-Away-Spccial (GAS) 
canister during a space shuttle launch. A NASA photograph of a GAS canister, as 
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mounted in a space shuttle, is presented as figure 7. Since a shuttle flight is always a 
manned launch, safety considerations are much more intense than they would be for an 
unmanned rocket. By designing PANSAT for the more stringent GAS specifications, 
NPS has retained the option of utilizing an unmanned launch vehicle such as Ariane or 
Pegasus. Had NPS designed for an unmanned launch vehicle, PANSAT would not have 
met GAS specifications and the shuttle option would not exist. The main disadvantage 
of the shuttle option is the 2S* inclination limitation (due to not launching over popu¬ 
lated land masses) resulting from a Cape Kennedy launch. A launch of an unmanned 
vehicii from either Vandenberg Air Force Base in Lompoc, Ca. or Kourov, French 
Guyana, South America, could put PANSAT into an orbit with a much higher inclina¬ 
tion. A higher inclination would be favorable to the solar cell experiment, and would 
increase the communication time window per orbital pass. 

When designing to GAS specifications, the major concerns to the structural system 
arc corrosion and failure under stress. The worry is that the failures will cause the 
structural elements to become projectiles. The two types of failures are brittle failures 
and elastic deformation. Brittle failures are more important for safety considerations. 
In m‘;tals, brittle failures are caused by hydrogen embrittlement, structural fatigue and 
stress corrosion. Stress corrosion is the most prevalent type of failure with aerospace 
vehicles [Ref 5; p. 165). An additional hazard is that some materials, when exposed to 
the space environment, give off gasses which may be damaging to surrounding equip¬ 
ment. 

Before PANSAT can be approved for flight aboard the shuttle, detailed testing is 
required to verify the satellite's structural integrity. Required analysis includes a static 
stress analysis and a fundamental vibration frequency analysis [Ref 5: p. 166). GAS 
specifications require that PANSAT be able to withstand loads of ±9 g's of translational 
accelerations in the X-'^’ directions and ±15 g's in the Z direction [Ref 5 p. A5]. The 
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GAS canister weight limit for a payload is 200 lbs (Ref. 5: p. 1 Ij. These load and weight 
limits consider that the structure must be able to survive loads incurred during a crash 
landing. The present PANSAT structure design was analyzed using GIFTS interactive 
software. The finite element analysis showed that structural deflections remained in the 
linear regime. The modal frequency analysis was favorable as well. [Ref. 8: pp. 8*9] 
When designing the satellite structural system, some of the specific design consider¬ 
ations to reduce stress concentration and avoid structural failure should be [Ref. 5: pp. 
166-1671: 

1. Use multiple inad path structure when possible. 

2. Make gradun changes in sections and symmetry of design. 

3. .Minimize the number of cutouts and discontinuities in primary elements. 

4. Design for peak stress vice the average stress. 

5. Avoid attachment of secondary brackets, fittings, handles, steps and hoses to high 
stress areas. 

6. Avoid the use of rivets to carrj' repeated tensile loads. 

7. Eliminate sharp edges for personnel safety and to reduce stress concentrations. 

8. Select fasteners of sufficient size and proper material to carry design loads and im¬ 
pose proper pressure on joints through pretension. 

9. Provide allowances for distortions and stresses resulting from thermal expansion 
and contraction of the space temperatures. 

Additionally, the structural design must take into account the loads the satellite will 
incur during ground transportation and while being attached to the launch vehicle. 

The choice of the material of which the structural elements arc composed is an im¬ 
portant decision. PANSAT's structural system is composed of aluminum 6061-T6 (Ref. 
8: p. 8|. When using aluminum alloys, the metal should be either coated or chemically 
treated to reduce corrosion and pitting, or the metal should be an alloy with tempers 
having high resistance to stress-corrosion cracking (Ref. 5 : p. lb?]. The environments 
in which the satellite will be found should also effect material selection. For a shuttle 
launch, the satellite will have to sit in the ocean salt-air of the Florida environment for 
some time. It will also have to endure chemicals used for cleaning and rinsing, in¬ 
spection fluids, marking inks, crayons, lubricants, machining fluids and testing fluids, as 
there is a reasonable chance that the satellite will be exposed to these substances prior 
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to launch [Ref. 5: pp. 168* 169]. The design should also obviously consider the space 
ensnronment. 

Figure 8 shows the overall design for the structural system of PANSAT, including 
the placement of the communications module, the experimental payload, the battery- 
packs, the computer and the power module (Ref Ij. In three dimensions, PANSAT is 
shaped as a 26 sided polyhedron comprised of eighteen 3.307 inch by 7.244 inch square 
sides and eight 3.307 inches sided equilateral triangles. Central to the design are the two 
equipment plates, shown in figure 9 [Ref I]. The volume allowed by a GAS canister is 
roughly a satellite 19 Inches in diameter and 19 inches in length. Hence, the diameter 
of PANSAT's equipment plates are limited to 18.62 inches. PANSAT will be positioned 
in a GAS canister as shown in figure 10 [Ref 4: p. 114]. Figure 11 shows the dimensions 
for the two end blocks, which go on the top and bottom of the satellite when oriented 
as in figure 8 (Ref i]. The lower end plate is mated to the pusher plate of the ejection 
mechanism in the bottom of the GAS canister. Figure 12 shows the dimension for one 
of eight diagonal support structures [Ref I). The support structures are the diagonal 
beams with the ends sheared at 45* in figure 8. Figure 13 depicts one of the satellite's 
four plate supports [Ref Ij. In figure 8, the plate support is the plate in the center of 
the satellite. 1 he communications module and experimental payload sit on the radially 
outward face of the upper equipment plate. The computer and power conditioning 
module are located on the outward side of the lower equipment plate. Two dipole an* 
tennas are mounted between opposite diagonal support structures. .Most of the exterior 
surface of the structure is covered with solar cells. 
























Each of PANSAT's syrtcms has been designed as a module. This makes it easier to 
test equipment as a separate system versus an integrated unit. It also simplifies the de¬ 
sign and construction of the satellite. The polyhedronal structure, which is built around 
the two equipment plates, is a senii-monocoque structure. This type of structure is 
known for being structurally sturdy. It also maximizes tlie area w’hich can be utilized for 
the placement of solar cells. Additionally, it is a good design from the thermal equilib¬ 
rium view'point, a good characteristic to have for a tumbling satellite with only passive 
thermal control measures. Computer models of this struaure have met GAS specifica¬ 
tions, however, the actual flight unit has not yet been constructed. When it is com¬ 
pleted, it will be required to pass a batteiy of tests before being approved as a shuttle 
payload. 

B. DATA PROCESSOR AND SEQUENCER SUBSYSTEM 

PANSAT's computer or Data Processor and Sequencer system (DP&S), is required 
to interface with all other systems of the satellite, to include the power, structure, com¬ 
munications, and experimental systems. Figure 14 provides a pictorial representation 
of the DP&S interfaces (Ref. 9: p. lOJ. 

The DP&S system must support the missions of PANSAT as discussed in chapter 
one. The four general tasks assigned to the processor arc communications, house¬ 
keeping, telcmetty and conunand execution IRcf. 9: p. 1(>1. .More specific functions 
which support the general tasks include (Ref. 9: p. 6): 

1. Respond to a ground station interrogation. 

2. Receive messages from the communications system, store the massages and trans¬ 
mit the messages when ordered. 

3. Maintain positive control of the satellite transmitter as required by FCC rules. 

4. Control communications between the satellite and the ground stations. 

5. Power management and battery charging. 

6. Generate and format status messages. 

7. Receive, decode and execute ground station commands. 

8. Fault detection and recovery. 

9. Update programming. 

10. Store and dump telemetry data when requested. 

In addition to the requirement to fulfil these tasks are the design issues of com¬ 
monality, upward compatability and a real time clock. Commonality means using a 
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Figure 10. PANSAT as positioned in GAS canister 

processor which is easily accessible and presently has a large number of users. Specif¬ 
ically, NPS should already possess and utilize this processor. Upward comparability 
means the DP&S system should be capable of being installed on a more complex satellite 
pnd perform elTectively. PANSAT is merely a stepping stone for NPS to get involved 
with more advanced satellite systems. Effort and capital is consened by designing a 
DP&S system for PANSAT which could be placed in the more complex ORION satel¬ 
lite, thus negating the need to design a new system from scratch. Finally, a real time 
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Fisure 11. PANS AT end blocks 


clock is required on*board to initiate prescheduled processor events at specific times. 
(Ref. 8: p. 3] 

Besides the need to support PANSAT's many functions, scseral design constraints 
had to be considered before detailed DP&S design could commence. Consideration went 
into power constraints, size and volume constraints, budget constraints, vibrational du¬ 
rability constraints and environmental constraints. 

PANS.AT's power system consists of an array of 54-J 4 cm by 2 cm solar cells cov- 
ering the satellite's c,xternal surface. The solar cells charge 12 2.1 volt, 5 amp-hr, lead- 
acid batteries. The batteries and solar cells provide a 12 volt unregulated bus. .Most of 
the power is allotted to the communications system. The DP&S system is constrained 
by the amount of power allocated to it in the spacecraft's power budget. As the satellite 
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Figure 12. PANSAT diagonal supports 

ages in orbit, tlie power system degrades. The result is reduced available power. The 
DP&S system should be designed to operate in degraded conditions. 

P.ANSAT has to be a small satellite in order to be compatible with a G.AS canister. 
Since PANS.AT is so small, the volume allowed the DP&S system also must be re¬ 
stricted. Figure 15 shows the dimensional envelope to which PANSAT's processor is 
constricted. The weight constraint is not anticipated to be a problem. 

The DP&S system must be designed to operate in the environment associated with 
a low-earth-orbit. The system must perform in a vacuum with temperatures ranging 
anywhere from -160’C to lOO’C |Ref. 5: p. 65]. The satellite operates completely out 
of the earth's atmosphere and will absorb more solar radiation than if protected by the 
atmosphere. For this reason, and to afford additional protection should the satellite 
operate in the Van Allen radiation belts, it is desirable to use radiation hardened com¬ 
ponents in the DP&S system. Radiation hardened components also protect against 
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Figure 13. PANS AT plate supports 

Single Event Lpsets (SEUs), which are caused by energetic panicles penetrating the 
satellite exterior and depositing energy into an interior circuit board chip, causing an 
electronic hiccup. An additional environmental constraint is geographical in nature. 
Because of the 28.5* inclination shuttle limitation, the satellite will have the ground sta¬ 
tion at NPS in line-of-sight for less than ten minutes per orbit. Data can only be ex¬ 
changed during this limited time. 

Because of the intended simplicity of PANSAT, no attitude control system is in¬ 
stalled. The satellite tumbles throughout its lifetime. As a result, an omnidirectional 
antenna is used to ensure communications during the transmission window. Tlie sub¬ 
sequent reduction in power elTicienc}-, along with the restricted size, limit the possible 
number of transceivers to one. PANS.AT is therefore limited to a single communications 
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Figure 14. PANS AT DP&S interfaces 

link. Tliis restricted communications capability simplifies the DP&S hardware design, 
but complicates the required software |Rcf. 9: p. 16]. 

Consideration of vibrational constraints means the DP&S system must be designed 
to withstand the high vibrations encountered during launch. Financial constraints limit 
PANS.AT's overall budget to approximately 5500,000 to 5800,000. 

The processor chosen is based on the Intel 8060 processor, also available in a radi¬ 
ation hardened version, the HARRIS 80(r86RM processor. The AX.25 communications 
protocol is used to standardize the link for amateur digital communications. Imple¬ 
mentation of the AX.25 protocol is done using a Zilog Z80C30 serial communications 
controller. The DP&S system has three different memory sections: fixed storage 
(PROM), vital RA.M and bulk storage RAM. PRO.M holds the operating system kernel. 
Vital R.AM holds the .system's vital data. Bulk R.\M holds the message and telemetry 
data. A watchdog timer, a 82C54R1I programmable interval timer, is used to protect 






against processor failure. Should the timer not be reset by the processor, and hence 
complete its countdown, it initializes the processor and secures control of the transmit- 
ter. Additional components include analog digital converters and parallel input output 
capability. [Ref. 8; p. 4-5] Figure 16 shows PANSAT's Dl\tS system design [Ref. 9; p. 
29]. 

C. THERMAL CONTROL SYSTEM 

P.ANS.AT is a very simple satellite. In conjunction with its simple design. P.*\NS.'\T 
utilizes only a passive thennal control system. As of this date, there is not yet a formal 
design for P.ANS.AT's thermal control. 

The purpose of a spacecraft's thermal control system is to regulate temperatures 
within the satellite. Thermal control is dependent upon the manipulation of the thermal 
balance equation. Incoming energy is equal to outgoing energy. The designer must take 
into account the various environments in which the satellite operates. This includes 
prclaunch, transfer orbit and final orbit. Once in space, important considerations in¬ 
clude sun intensity, sun angle, periods of eclipse, the amount of internal heat generated 
by operating equipment, the satellite s orientation to the sun, the orbital parameters and. 


29 







Figure 16. PANSAT DPiS design 


for PANSAT, the tumbling rate. The objective of thermal control is to maintain the 
interior temperature of the satellite within a temperature range indicative of the equip- 
ment s optimal operating temperatures. The spacecraft cannot get too cold during 
eclipse, or loo hot during vernal equinox, when solar intensity is a maximum. PANS.AT 
will have to endure a worst case temperature range of -160"C to lOO'C, which could be 
experienced while stored in the GAS canister in the shuttle cargo bay. 

Passive thermal control maintains component temperatures within the desired tem¬ 
perature ranges without using any moving parts. In space there is no convection, so 
passive measures regulate temperatures by controlling radiative and conductive heat 
■paths through the use of geometry and material composition. Some passive measures 
are thermal coatings, thermal insulations, heat sinks and phase changing materials. [Ref. 
3: pp. 292-295) 

The exterior surfaces of the satellite radiatively connect the spacecraft to space, the 
ultimate heat sink. Heat is generated from the spacecraft's interior to exterior through 
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a combination of conductive and radiative paths. On the exterior, the two important 
surface parameters are the solar absorptance (a) and the surface eniittance (c). A low 
a and a high e minimize solar input and maximize heat radiated into space. A combi¬ 
nation of different coatings, resembling a chess board, may be used to get the desired 
effect. (Ref. 3: p. 295) 

Thermal insulation between two areas reduces the rate at which heat flows from one 
area to the other. Some of the uses of thermal insulation are to [Ref. 3 : p. 296): 

1. Minimize heat flow to or from a component. 

2. Reduce the amplitude of temperature fluctuations ui components due to time- 
varying external radiative flux. 

3. Minimize the temperature gradients in components caused by varying directions 
of incoming external radiative heat. 

A heat sink is composed of a material with a large thermal capacity. The heat sink 
is placed in contact with the piece of equipment whose temperature needs to be regu¬ 
lated. As the equipment component generates heat, the thermal energy follows the 
conductive path into the heat sink. The heat sink dissipates the heat through other 
radiative or conductive paths. This keeps the temperature of the equipment component 
from getting too high. Heat sinks also work in reverse by preventing the equipment 
from getting too cold during eclipse. (Ref. 3; p. 297) 

The thermal control subsystem for PANS.AT most likely will use a combination of 
these techniques. Once the design is completed exten.sive testing should be done to en¬ 
sure the passive measures maintain the temperatures within operational limits. 

D. ELECTRICAL POWER SYSTEM 

The purpose of the energy supply system of a satellite is to provide electrical power 
for all on-board systems, hence the title Elcctiical Power System (EPS). All the general 
design considerations discussed in chapter two, such as affordability and cost- 
effectiveness, apply to the EPS. Some types of solar cells alone would far surpass 
PANSAT's budget, so one can see how the general design considerations are important. 
A quantifiable ratio used to compare different power sources is efficiency. Efficiency can 
be measured as cither the ratio of available electric power to weight, or as the ratio of 
available electric power to waste heat. With both ratios, the larger ratio denotes a de¬ 
sired higher efficiency. When attempting to design a simple, ine.xpcnsive, efficient, reli¬ 
able and long-lived power supply, there are several problems associated with power 
production in space which must be addressed. 
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The first problem is the removal of waste heat. Power generation always produces 
waste heat. The waste heat must be removed from the spacecraft. As mentioned in the 
previous section, convective heat paths do not work in space. On the exterior of the 
spacecrafi, convection is not ver>' efiicient, due to the lack of molecules surrounding the 
satellite. Radiation is the most economical method of heat dissipation. While con¬ 
duction works well using radiators in contact with the heated equipment, a large weight 
and space penalty is payed, thus increasing launch costs. [Ref. 10: p. 4.1] 

The second problem associated with power production in space is the near vacuum 
environment, which also contributed to the heat removal problem. Because of the vac¬ 
uum, some additional problenu which could be encountered are cold welding, 
outgassing, and leakage. Also some components of the EPS may require a pressurized 
environment. [Ref. 10: p. 4.1] 

Should PANSAT operate at a higher orbit than anticipated, radiation could present 
another problem. Radiation is especially damaging to solar cells. Shielding may be re¬ 
quired to protect the internal components from high energy particles, which result in 
SEUs. More weight penalty is incurred. The lack of gravity in space is another factor 
to consider. On earth, gravity is used to separate vapors from liquids during convective 
heat transfer. In space, gravity does not help the process and systems have to be de¬ 
signed to operate in any orientation, not in a 'this end up' mode. Temperature variation 
must be considered. Battery efficiency decreases as the temperature drops, but the 
power output of solar cells increase with the same drop [Ref. 10: p. 4,2]. The battery 
operating range is from 0®C to 45'’C, while the solar cells operate from -160®C to 
lOO’C [Ref. 11: p. 13]. A temperature must be selected and maintained which maximizes 
the capabilities of both components. Finally, the EPS must be sturdy enough to survive 
the launch environment and still function properly. 

The electric power system is vital to satellite operations. Without power, the satel¬ 
lite cannot function, the experiments will not work, and nobody would be able to com¬ 
municate with it. The satellite would be an orbiting piece of useless aluminum. In most 
cases, the system which determines design life is the EPS. That means that the EPS 
generally fails first, with either the batteries or solar cells degrading before the other 
components. This is not likely to occur with PANSAT, since it will probably burn up 
entering the atmosphere, because of orbital decay, before a major component failure. 

Presently, there are three categories of power supplies: nuclear, chemical and solar. 
Although nuclear systems possess a high available power to weight ratio, the enormous 
cost and obvious safety factors involved with such a power supply eliminate this type 
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of power supply from consideration. .Most satellites, to include PANSAT, use a com¬ 
bination of chemical and solar sources. Solar cells are the primary power source, with 
chemical batteries sccondar}'. During a noneclipse period, the solar cells provide power 
to the satellite and charge the batteries. During eclipse, no power is produced by tlic 
solar cells and the batteries supply the bus power. At an orbital altitude of 480 km, 
PANSAT has a period of 94.2 minutes and an eclipse interval of 35.8 minutes. PANSAT 
has to operate on battery power for roughly 38*^0 of its lifetime. Batteries arc not 
praaical as a primary power supply, due to their limited lifetime, but are ideal as a sec¬ 
ondary source. They are reliable, low-cost, simple and readily available. 

The use of solar power as the primary power source also makes sense. They are 
relatively low in cost for the power they produce. They generate little waste heat and 
produce satisfactory ratios of available power to weight. There are two methods of 
converting solar energy to electrical power; thermal and photovoltaic. Thermal solar 
conversion involves using mirrors to concentrate the solar rays into a container filled 
with high power density salts, such as aluminum florides, thus sequentially melting and 
freezing the salts as the satellite passes into and out of eclipse. Electrical power in ob¬ 
tained from the heat given off by the salts. This conversion method is still e.\penmcntul. 
(Ref. 10:pp. 4-81 

The most common solar conversion method uses the photovoltaic efTcct. P.\NS/\T 
uses photovoltaic cells. The photovoltaic efTcct is the generation of voltage by photon.s 
incident upon a properly treated surface that lies near the junction of two layers of 
somewhat dinerent materials. These cells arc connected in series to provide a desired 
voltage. The resulting subunits are connected in parallel to supply the desire current. 
(Ref. 10; pp. 4-6) 

To design PANS.AT's EPS, all available factors were considered. In addition, cer¬ 
tain assumptions had to be made, due to the parallel design efforts for the major sys¬ 
tems. In general, it is always safer to use worst case assumptions. Some of the 
assumptions made in PANSAT’s EPS design are (Ref. 11; pp. 12-I5|; 

1. An orbital altitude of 480 km. 

2. An orbital period of 94.2 minutes. 

3. An eclipse time of 35.8 minutes per orbit. 

4. A two year design life. 

5. A tumbling rate of 0.1 rad sec favoring no particular a.ris. 

6. Solar array operating temperatures from -16C^'C to + 80X. 
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7. Batter)' and electronic operating temperatures from O'C to +45’C. 

8. No heater is necessary. 

PANSAT’s EPS design consists of a photovoltaic silicon cell system. Components 
include the solar array, batteries, a batter}' charge regulator, and an instrument switching 
regulator in the form of DC to DC converters. The solar array is made of 17 panels, 
each of which hold 32 2 cm by 4 cm solar cells in series, generating a panel voltagv of 
15.5 volts at Beginning-Of-Life (BOL) and providing an unregulated bus voltage of 14.9 
volts. The efficiency of the solar cells is 14.3%. Bus voltage is clamped at a minimum 
of 12 volts by two lead-acid batteries in parallel with the bus. Each battery has six 2.1 
volt, 5 amp-hr lead-acid cells. The battery charge regulator (BCR) monitors the indi¬ 
vidual battery voltages, and provides a pulse modulated charge current alternatively to 
each battery. Power conditioning for the unregulated bus is provided by DC to DC 
converters with changes of voltage, regulation and protection. The entire system is ca¬ 
pable of providing IS.3 watts of power . (Ref. 11; p. iv] Figure 17 shows a schematic of 
the system (Ref II: p. X). Tables 1 and 2 show PANSAT's power budget and eclipse 
power requirements, respectively (Ref II; p 16). 


Table 1. PANSAT POWER BUDGET 


SATELLITE COMPO¬ 
NENT 

NOMI¬ 

NAL 

POWER 

(W) 

DLTY 

CYCLE 

(%/or¬ 

bit) 

AVER¬ 

AGE 

POWER 

(W) 

AVER¬ 

AGE 

W-HR 

Microprocessor 

2.6 

IW.O 

2.6 

4.1 

Transmitter 

15.7 

25.5 

4.0 

6.2 

Receiver 

2.0 

100.0 

2.0 

3.1 

BCR 

l.O 

62.0 

0.6 

0.9 

ISR 

0.5 

100.0 

0.5 

0.8 

Payload 

0.5 

62.0 

0.3 

0.5 

Power Orbit 

- 

- 

10.0 

15.7 

10% Margin 

- 

- 

1.0 

1.6 

Total Power 

- 

- 

11.0 

17.3 
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Figure 17. PANS AT EPS 


Table 2. PANSAT ECLIPSE POWER REQUIRE¬ 
MENTS 


SAl ELLITE COMPO¬ 
NENT 

POWER 
(W) PER 
ECLIPSE 

WATT-HR 

PER 

ECLIPSE 

Microprocessor 

2.6 

1.6 

Receiver 

2,(t 

1 2 

ISR 

0,5 

().,3 

Total Power 

5.1 

3.1 
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IV. SPACECRAFT PAYLOAD 


PANSAT's payload consists of the communications system and the experimental 
module. This chapter describes the individual systems and presents specific design con* 
siderations and constraints pertaining to both systems. 

A. COMMUNICATIONS SYSTEM 

While in the initial design stages of PANSAT, an important issue to be decided was 
the method of communication. What would the communications sy stem consist oH A 
preliminary' link analysis had to be performed. A transmission frequency and mode of 
transmission had to be chosen. Keeping in mind that PANSAT is an amateur platform, 
the frequency' would have to be high enough to penetrate the atmosphere relatively un¬ 
attenuated, but low enough that antennas and transmission lines would not have to be 
so critical in parameter dimensions as to make the satellite dilTicult to use. 

It was eventually decided that PANSAT would cany' a BPSK direct sequence spread 
sp)ectrum half-duplex communications package. The single carrier frequency is located 
in the LTIF amateur band at 437.25 MMz. The signal has a 1.2 kMz bandwidth which 
is spread out to almost 1 .MHz. The bit rate is 1200 bps. 

3Mien using spread spectrum communications, interference is expected because 
many messages may be sent over the same frequency band at the same time. This in¬ 
terference is kept to a minimal level, conducive to good operati. ns, by spreading the 
power from each signal evenly over a large bandwidtn. The modulating signal is virtu¬ 
ally random, while the transmissions carry a message with a unique signature which can 
be recognized and retrieved. To meet these requirements, each message is scrambled by 
means of a pseudo-random sequence. Receiving stations must be able to generate the 
pseudo-random sequence and synchronize it with the transmission to be capable of de- 
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coding the signal. The method of direct sequence spread spectrum combines a train of 
pseudo-random pulses with the message signal. I'he pulse repetition rate of the 
pseudo-random signal must be sulTiciently high to spread the signal over the e:itirc 
bandwidth, 960 kMz in this case. One message bit is combined with a train of several, 
possibly hundreds, pseudo-random bits called 'chips.' The receiving station, which knows 
the pseudo-random sequence, generates a chip train. The received ngnal, consisting of 
the chip train and the message bits, is compared with the generated chip train. The 
message bits are picked out of the received signal, and the unscrambled signal is now 
understandable. This process is known as coherent detection. M other transmissions, 
which are combined with different pseudo-random sequences, appear as noise. The 
signal-to-noise ratio is proportional to the number of chips per bit. Two advantages of 
spread spectrum communications arc that they are interference or jam resistant and they 
arc secure because receiving stations require the pseudo-random code. (Ref. 12: pp. 
221-2221 

NTS chose a spread spectrum design for two reasons. The first is that this type of 
communications is operationally used in the fleet. NTS is a Navy school, and as such, 
students here should be exposed to systems resembling those used in the fleet. Several 
naval operational nets utilize spread spectrum communications, including the Joint 
Tactical Information Data System (JTIDS), for the protection offered by the two pre¬ 
viously listed advantages. Tlie second reason is that currently there are no amateur 
satellites capable of spread spectrum communications. PANSAT would introduce this 
communications type to the amateur community. Given the caliber of the amateur op¬ 
erators, many of whom are engineers for major corporations, advances in this technol¬ 
ogy are likely to follow. 

The most important design consideration for a communications system is its 
mission. PANS.AT is able to function in one of two different mosks. T'le first mode is 
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as a transponder capable of storing and foru'arding messages. The second mode enables 
PANSAT to retrieve and downlink experimental and telemetry data. The first mode is 
available to all amateur operators, while the second is restricted to NPS usage. A 
standard AX.25 packet protocol is used within which the message substance and mes¬ 
sage address are loaded. If the address is that of PANSAT’s Telemetry, Tracking and 
Control System (TT&Q, then the satellite operates in the second mode and responds to 
the commands contained in the message substance. For any other address, the satellite 
operates in the simple transponder mode and fon^'ards the message. (Ref. 13; p. 4] 

As with all of PANSAT's systems, a design constraint is the available powxr. Also 
the size and weight restrirtions must be met. Power restrictions for the communications 
system are shown in table 1 of the previous chapter, which contains PANSAT's power 
budget. For PANSAT, the weight of the communications package is not anticipated to 
be a restricting factor. Figure 18 shows the dimensional envelope allotted the commu¬ 
nications system and the experimental payload jointly (Ref. I). 

Although spread spectrum communications can be complicated, an attempt was 
made to keep it as simple as possible. For example, a single channel is used for uplink 
and downlink, which eliminated the need for additional frequency conversion hardware 
(Ref. 13; p. 14], Choosing to use the simplest type of correlator available is another 
example. 

The availability of the frequency spectrum is a constraint which is addressed in detail 
in the second half of this thesis. Federal and international agencies are responsible for 
regulating the usage of the electromagnetic spectrum for the purpose of reducing the 
existence of harmful interference among users. Desired frequency channels must be ap¬ 
plied for through the proper agencies. PANSAT uses the UHF amateur band from 435 
to 438 MHz. There is only a 3 MHz zone in the UHF spectrum available to the amateur 
community. Therefore, PANSAT has a bandwidth restriction. This is important in 
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Figure 18. PANSAT Communications and Experimental Payload Envelope 

spread spectrum communications, in which it might be advantageous to spread the sig¬ 
nal over more than 3 MHz. This option is not available, so PANSAT spreads the signal 
out to 960 kHz. 

The attitude and inclination of the satellite's orbit are very important design con¬ 
siderations. These two parameters have a direct clTcct on establishing the spacecraft's 
ground footprint. That is the area of the earth from wliich the satellite is in line-of-sight 
at a particular time. By increasing the orbital altitude, the ground swath width, or 
footprint diameter, increases as well. The space shuttle generally deposits satellites in 
the 300 km to 500 km altitude range. A satellite without a propulsion system, such as 
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PANSAT, is unable to kick itself into a higher orbit. At zero elevation angle, tlic ground 

! 

swath width at 300 kni is 3783 km. By increasing the orbital altitude to 500 km, the 
ground swath width also increases to 4824 km, an increase of 1039km [Ref. 13: p. 6], 
The important factor effected by the size of the satellite footprint is the time in view. 
Since UHF communications can only be conducted while line-of-sight, an increased 
ground swath width means more operational time. 

The shuttle usually launches at an orbital inclination of 28.5*, roughly the latitude 
of the Cape Kennedy launch she. While an increase in inclination will not vary the size 
of the sateUite's earth footprint, it does change the geographical location of the ground 
track. An increased inclination spreads out the ground tracks, covering more territory 
at higher latitudes and spending less time at lower latitudes. The lower inclination 
groutvd tracks are ail bunched up around the equator. A satellite with an orbital incli¬ 
nation of 28.5* follows a sinusoidal path about the equator, with the amplitudes of the 
sine curve at 28.5* north and south latitude. Increasing the inclination to NFS's latitude 
of 36.5*, would increase the peak to peak distance of the orbital sine curve, giving the 
higher latitudes slightly more coverage and the equatorial regions less coverage. De¬ 
pending upon the location of the ground station, an inclination increase may or may not 
be beneficial. The objective is to increase time-in-view and subsequently operational 
time. At an orbital altitude of 480 km and a 28.5” inclination, a ground station at NFS 
would average 56 minutes of time-in-view per day (for eight passes). Changing the in¬ 
clination to 36.5* and retaining the same altitude, the NFS ground station would average 
73 minutes time-in-view per day (Ref. 13: p. 10]. That is an increase of 17 minutes per 
day. If a shuttle is used as the launch vehicle, however, the anticipated orbital parame¬ 
ters will be 480 km altitude and 28.5* inclination. Figures 19 and 20 show PANSAT's 
anticipated ground track and earth footprint, rcspectisely. 
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Figure 19, PANS AT Ground Track (480 km, 29®) 

The method of attitude control is an important design consideration for a satellites 
communication sj’stcm, specifically the antenna design. PANSAT has no attitude con¬ 
trol and therefore tumbles randomly. As such, the satellite antenna must be 
omnidirectional. Because the antenna orientations would not be known, circular 
polarization is used. The satellite must be designed so that the body of the spacecraft 
does not block the S'gnal path. No matter how the satellite is oriented, a lobe of its ra¬ 
diation pattern must point earthward. Throughout the orbit, users will experience gains 
and nulls as the satellite tumbles. During a null period, the gain decreases and the bit 







Figure 20. PANSAT Earth Footprint (480 km, 29*) 

error rate increases. The assumption made with PANSAT was a maximum null of 10 
dB [Ref. 13: pp. 12-131. 

The number of users and consequently, the amount of message traffic must also be 
considered. PANSAT limits the number of users that it services through the use of 
spread spectrum. The average amateur radio operator docs not have either the time, 
resources, knowledge or resoivc to build the associated decoding boards required for 
spread spectrum communications. Only those highly motivated amateurs interested in 
working with spread spectrum communications will have the determination to undertake 
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such a project. The limited number of users minimi 2 es message collisions [Ref. 13: p. 
14). 

The n pes of ground stations which use the satellite is an important consideration 
when calculating the link budget. What are the different received signal powers to be 
expected by PANSAT's receiver? The primary ground station is located at NTS. NTS 
also plans to build a mobile station [Ref 13: p. 15]. The exact characteristics for these 
two sutions arc known. However, the remainder of the operational stations arc private 
amateur stations scattered around the globe. Exact values for these stations are not 
known. Average characteristics for amateur stations are included in Appendix E. 

One of the first steps taken when starting the satellite communications design is to 
calculate the link budget. The following table contains PANSAT's link budget for the 
worst case maximum range scenario [Ref 13: p. 23). 



Table 3. PANS AT LINK BUDGET 


PARAMETER 

UPLINK 

DOWN¬ 

LINK 

Frequency 

437.25 

MHz 

437.25 

MHz 

Transmit Pow’cr 

0 dBW 

7 dBW 

Antenna Gain 

2.1 dB 

OdB 

EIRP 

2.1 dBW 

7 dBW 

Slant Range 

2025.3 km 

2025.3 km 

Free Space Loss 

151.4 dB 

151.4 dB 

Antenna Temperature 

161.9'’K 

290“ K 

L. 

1.0 

1.0 

F (Preamp) 

4dB 

4dB 

G (Preamp) 

12 

12 

F (Down Converter) 

7dB 

7 dB 

Tv 

28.3 dB*K 

29.0 dB“K 

B 

59.8 dB-Hz 

59.8 dB-Hz 

C'N 

4.2 dB 

10.5 dB 

Rs 

I2(KI bps 

1200 bps 


9.6 dB 

9.6 dB 

K 

16.4 dB 

16.4 dB 


It is not the purpose of this thesis to get into too much detail about the intricacies 
of spread spectrum communications, however, some features are explained in detail for 
the purpose of presenting design considerations pertaining to this satellite's communi¬ 
cation system. Firstly, an overview of PANSAT's communication system, as designed 
to this date, is in order. Figure 21 depicts PaNSAT's communication system, with an 
expanded view’ of the receiver block (Ref 13: pp. 26-27). 

In figure 21, the higher hierarchical level shows the complete communications sys¬ 
tem. This is a half-duplex system in which the single antemia is time shared by the 
transmitter and receiver. A nieciianical switch completes the appropriate circuit. The 
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Terminal Node Controller (TNC) interfaces the Telemetrs", Tracking and Control system 
(TT&C) with the transmitter and receiver. The TNC, using the AX.25 data protocol, 
reads the packet address and forwards it to the TT&C. The TT&C controls the satellite s 
operational functions, such as engaging the receiver or transmitter as appropriate. [Ref 
13: pp.25-261 

The lower hierarchical level in figure 21, depicts the receiver makeup. The Voltage 
Control Oscillator (VCO) in this diagram is the clock source. The downconverter takes 
the received 437.25 MHz signal and downconverts it to a 10.7 MHz signal. The down- 
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converter also performs an Automatic Gain Control (AGC) function. The AGC limits 
the total power in the 960 kHz spread bandwidth, allowing a threshold to be set, which 
is used in the acquisition circuit of the spread spectrum demodulator. The spread spec¬ 
trum demodulator takes the 10.7 MHz signal, synchronizes it and despreads the signal. 
The despread signal is sent to the BPSK demodulator, which extracts the message data 
from the despread signal. The data is sent to the TNC which reads the message address. 
IRef. 13: pp. 27-31] 

The main task of the spread spectrum demodulator is to perform the initial syn¬ 
chronization of the incoming signal. Synchronization is the most difficult aspect of 
spread spectrum communications. Synchronization is comprised of two separate tasks: 
acquisition and tracking. The acquisition of tlie signal occurs first. The basic idea is to 
align the received PN code with an internally generated PN code. Once the two codes 
are aligned, the tracking circuit takes over. Its job is to maintain the acquisition lock 
by keeping its own code clock rate as closely matched to the received chip rate as pos¬ 
sible. There are several methods of tracking available, such as the 'tau-dither' method 
or the 'delay-lock' method (Ref. 14: p. 248). PANSAT uses the latter method. PANSAT 
utilizes an early-late gate correlator, which takes the PN code and creates two versions 
of the code, an 'early' version and a 'late' version. The early code is shifted back one 
half chip, while the late code is shiAed forward one half cliip. The two signals separately 
modulate the received signal. The two squaring circuit's outputs are subtracted, 
producing an error signal for the loop filter. 'The timing of the code clock is maintained 
such that the error signal is a minimum, thus keeping the two PN codes in sync. The 
bottom portion of figure 22 shows the tracking circuit [Ref. 13: pp. 32-33). 

The top portion of figure 22, just above the tracking circuit is the acquisition circuit. 
The acquisition circuit initially aligns the two PN codes. PANSAT uses the simplest 
correlator teclinique, called a 'sliding' correlator. With this type of correlator, the rc- 






Figure 12 . PAiN’SAT Spread Spectrum Connguration 


cciver operates its code clock at a dilFcrcnt rate than the transmitter’s code clock. The 
two PN codes then slip in phase with respect to each other. They continue sliding in 
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phase until the threshold deteaor gets an input voltage from the integrator which is 
larger than the threshold limit, which was determined by the AGC function in the 
downconverter. When the limit is surpassed, acquisition has occurred and the tracking 
circuit takes over. Figure 23 displays a flow diagram for the sliding correlator [Ref. 14: 
pp. 218-219). 

Now that the spread spectrum communications system on PANSAl' has been de¬ 
scribed, it is possible to look at several spread spectrum specillc design considerations. 
Since the average operation window for PANSAT is roughly seven minutes per orbital 
pass, a major emphasis is made on reducing the acquisition time. If it takes si.\ minutes 
to acquire the signal, that leaves only one minute for operations. Clearly this is an un¬ 
acceptable ratio. Also, since PANSAT carries only one antenna, each time the TT<S:C 
switches from the transmitter circuit to the receiver circuit, or visa versa, the signal must 
be reacquired each time. All tlie more reason to reduce acquisition time. Refer to the 
top portion of figure 22 through the discussion in this paragraph. A handy formula for 
calculating acquisition time is ^ACS ■« 2:V where N is the PN code length and Tg is the 
dwell time. The dwell time is the amount of time the integrator is evaluating the signal. 
The length of the PN code is, therefore, important to the acquisition time. By increasing 
N, the tracking circuit works better, how'ever, by decreasing N, the acquisition time de¬ 
creases. It is not practical to shorten the length of the PN code so much that acquisition 
is excellent, but the tracking circuit cannot maintain lock. A middle ground has to be 
reached. The integrator dwell time is also important to the acquisition time. By de¬ 
creasing Tg, Tj,cg goes down, but with an increased possibility of determining no sync 
w’hen in fact sync exists. By increasing dwell time, acquisition time increases. Also, if 
Tg is increase!.' no much, the probability of a false acquisition increases. So dwell time, 
like PN code length, is another design consideration. 
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Figure 23. Sliding Correlator Flow Diagram 

T, 

Dwell lime follows the relationship To — where T, is the rise time. The rise time 

<•» 

is the time it takes the bandpass filter (in figure 22) to go from no pass to maximum pass. 
Basically, T, is a measure of the sharpness of the corners of the filler's cutoffs. Rise time 
is related to filter bandwidth by the relationship. T, * Hence filter bandwidth also 
influences dwell time. To reduce rise time and consequently dwell time but ultimately 
acquisition time, the bandpass filter bandwidth should be large. Tlic limiting factor is 
that the wider the filter bandwidth, the more noise is introduced into the signal, reducing 
the signal-to-noisc ratio. [Ref. 1.5j There arc many surh facton to consider when at¬ 
tempting to increase satellite operational time. 

B. EXPERIMENTAL PAYLOAD 

P.ANSAT was designed to be able to support small c.\periments having minimal 
power, weight and space requirements. One such experiment is a solar cell parameter 
measurement experiment. Originally, this experiment was to be an experiment which 
tests the on-orbit annealing of radiation damaged cells. Due to PANSAT's low orbit 
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of 4S0 km, and low inclination of 2S.5*, it was determined that not enough radiation 
damage would be incurred on the solar cells to optimize the conduction of the exper¬ 
iment. As a result, the solar cell parameter measurement experiment was substituted in 
its place. The experiment measures the effects of the space environment on solar cell 
performance. 

Recognizing the requirement to test solar cells while on-orbit. Or. S. Michael and 
Lt. R. Callaway, of NPS, developed a novel solar cell test circuit wliich produces an 
accurate representation of a solar cell I-V curve. These curves are accurate to within 2 
mV from a 12 bit analog-to-digital converter [Ref. 8: p. 10|. The circuit uses the concept 
that a bipolar junction transistor models an ideal current source. Using the transistor 
to control the output current of a solar cell makes it possible to measure the short circuit 
current of the cell. .Measuring dilfcrent currents and corresponding voltages is possible 
by changing the current using the transistor base as the control |Rcf. 16 : p. 3]. An 
example of a silicon solar cell 1-V curve is shown in figure 24 |Rcf. 17: p. 311. Dr. 
.Michael provides the following description of the solar array I-V tester [Ref. 16: p. 3): 

This circuit in its simplest form has 5 volts placed on the anode of the solar cell 
which has its cathode tied to the collector of a 2N3405 transistor. The emitter of 
the transistor is connected to ground through a 10 ohm resistor. The base is stepped 
through voltages to bias the transistor from cutoff through the active region. By 
simultaneously measuring the voltage across the solar cell and the voltage across the 
emitter resistor, the corresponding values of the cell VI characteristics can be re¬ 
corded. This is true since using a high beta 2N3405 transistor would allow us to 
ignore the base current. Thus we can measure values of the current in the emitter 
resistor as the collector current or the solar cell current. 


A schematic of the simplest form of this circuit is depicted in figure 25 (Ref. 17: p. 
13]. In this figure, the solar cell being tested provides a load to the transistor. No cur¬ 
rent is allowed to flow to the base of the transistor, so » 0. The collector and emitter 
currents, 7, and are equivalent. The solar cell circuit voltage is the difference between 
the power source voltage (5 volts in this case) and the collector voltage, so 
V, - V, — V^. The circuit current is equal to the product of the emitter voltage and the 
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Figure 24. Solar Cell I*V Cunc 

F’ 

emitter resistance (10 £2 in this case), so I, ^ I,- Because there is not much current 
drain, /, and therefore /, approximate zero. This provides one endpoint for the solar 
cell's I-V curve. When K, is increased, V, decreases, thereby increasing current drain 
until V, goes to zero and the solar cell current, /„, is reached. Data points for the entire 
1-V curve can be obtained by stepping input voltages to the transistor base and meas¬ 
uring F', and [Ref. 17: pp. 12-131. 

In the solar cell parameter measurement experiment, the I-V testing circuit is cou¬ 
pled with a microprocessor based controller system, designed by Li. R.S. Oxborrow. 
The system has the capacity to collect, validate and store data pertaining to solar cell 







» Power Source Voltage 
P, » Solar Cell Circuit Voltage 
P* — Transistor Base Voltage 
Vf * Transistor Emitter Voltage 
Transistor Collector Voltage 
/e “ Emitter current 
Rf * Emitter Resistance 
/, — Solar Cell Circuit Current 


Figure 25. Novel Solar Cell Biasing Circuit 

performance I-V curves. The complete system is composed of an NSC 800 micro¬ 
processor, digital-to-analog and analog-to-digital converters, analog multiplexers/ 
demultiplexers, biasing transistors and op-amps. The designed experiment provides a 
compact, simple, low powered and accurate method to measure and store solar cell op¬ 
erational parameters, via their I-V performance curves (Ref. 17: p. iii). To illustrate the 
compactness, the size of the computer controller, when not encased is 3 by 4.5 by 1.5 
inches. The test array consists of eight cells (Ref. 16 : p. 4). 

The solar cell parameter measuring experiment is a subset of the previously planned 
on-orbit annealing experiment. The I-V curves produced by the measurement exper¬ 
iment would be used to determine the maximum power point. The maximum power 
point, in ‘um, is used in the algorithm for energizing anneal circuitry in the annealing 
experiment. PANSAT provides the platform which will allow the measuring experiment 
subset to be tested and perfected so that the annealing experiment, carried on a future 
satellite, will proceed smoothly. 
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The possibility exists that PANSAT may also carry additional experiments, provided 
they conform to size, weight and power resuictions. One such experiment being con¬ 
sidered is an experiment which tests the new technology of ferroelectric mcmor>'. 
Ferroelectric memory is suited for space applications, due to its inherent radiation tol¬ 
erance, non-volatility and high memory density. Detractors from this technology are 
endurance and retention. (Ref. S: p. 12] 


V. CLASSROOM USES FOR A SATELLH E 


Besides providing the bus which contains the experimental payload, and giving the 

i 

amateur radio community an opportunity to utilize spread spectrum communications, 
PANSAT can be used in the classroom to illustrate many aspects of space science. One 
of PANSAT's functions is to serve as an on-orbit laboratory for students in the Space 
Systems Academic Group (SSAG) at NPS. This chapter presents several space systems 
areas in which detailed experiments could be developed to provide hands-on experience 
to the student and reinforce lecture material. 

Many experiments could be devised in the area of satellite tracking. Students could 
determine the classical orbital parameters of the satellite from actual observation. 
Tracking experiments can be used to illustrate basic satellite orbit terminology, to de¬ 
termine PANSAT's period, to predict the time at which communication is possible, and 
to determine the satellite's attitude. Since PANSAT is in a circular orbit, the only 
equipment required to determine orbital parameters is a ground receiver, an antenna and 
a clock. I'he tracking experiment would proceed in the following manner. First calcu¬ 
late the time of closest approach for the first orbit by averaging the two times of initial 
contact and lost signal. The same is then done for the next orbit. The elapsed time 

between the two times of closest approach is the first estimate of the period. Using 

4.2 

Kepler's Law, the satellite altitude can be calculated from the equation P’»( jr’, 
by solving for the radius r. Using data from additional orbits increases the accuracy of 
the estimated parameters. Variations of this experiment would allow the student to ob¬ 
tain additional information. For example, the use of a directive antenna would allow the 
student to estimate the orbital inclination. PANSAT as an on-orbit laboratorj- would 
be useful to instructors teaching orbital mechanics by proving the validity of Kepler's 





Law's. Additional experiments are possible to determine the satellite's elevation and 

slant range as a function of time, its position in the orbital plane as a function of time, 

and to produce the satellite's ground track. (Ref 18 : pp. 6.2-6.5] 

Another type of experiment which could be performed using PANSAT is one in 

which orbital parameters are calculated using the doppler effect. 'The doppler eilect is 

the change in the frequency observed from a stationary' observer in a fixed reference 

frame as an emitter moves toward and then past the obserser. In this experiment, the 

ground station is the observer and the satellite is the emitter traveling at velocity V. The 

satellite needs to emit a constant beacon signal. Best results occur when the satellite is 

close to overhead. From the beginning of the satellite signal until the signal is lost in a 

pass, a table should be kept showing time and observed frequency. Using the data from 

this table, a frequency-versus-time, Doppler graph, can be constructed. Figure 26 is an 

Sf 

example of a doppler graph (Ref IS: p. 6.18). 1 he time at which is a maximum (the 
inflection point on the doppler graph) is the time of closest approach (TCA). To esti¬ 
mate the period, repent the above procedure on the next pass, producing another 
Doppler graph. Determine the TCA for this pass. The orbital period is the time differ¬ 
ence between the two TCAs. For a circular orbit, satellite velocity is given, 
where P is the period, G is the gravitational constant, and .M is the 
mass of the earth. The slant range at TCA can be obtained using the formula, 
p, »• — —, m which p, is the slant range, F, is the transmitted frequency and c 

is the velocity of light in a vacuum. (Ref 18: pp. 6.12-6.17] 

Students can gain valuable space experience using PANSAT by transmitting com¬ 
mand messages to and evaluating received telcmetiy data from the satellite. Telemetiy 
data shows the status of all the systems aboard the satellite. This could include infor¬ 
mation such as the voltage produced by each individual solar panel or internal environ¬ 
mental temperature. NTS students could devise several experiments utilizing the 


1 



Figure 26. Doppler Graph 

telemetry data. An experiment could be developed to determine the orientation of the 
spacecraA using voltage readings from individual solar cells. The equilibrium temper* 
ature of the satellite could be determined and used to demonstrate the heat balance 
equations. Energy balance equations can be used to determine the available power to 
operate the satellite's equipment (ie. to explain the power budget). Experiments can 
be made to measure the solar constant or the albedo of the earth from sunlight reflected 
off the earth's surface, which strikes the earthward solar panels. (Ref. 18: pp. 6.27*6.44j 
Another concept which could be explained by a satellite experiment is Faraday Ro¬ 
tation. Faraday Rotation is the rotation of the plane of a linearly polarized wave about 
the axis of propagation. The phenomena is caused by the earth's magnetic field. 
Faraday Rotation results in the degradation of signal strength. By computing the drop 
in signal strength from other factors such as satellite orientation, receiving antenna pat- 
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tern, ionospheric absorption and radial distance from the receiver, and subtracting these 
from the total signal loss, the loss due to Faraday Rotation is left. [Ref. 18: pp. 6.46-6.47) 
NPS students may also devise a way to use PANSAT to radiolocate a signal on the 
earth's surface. A practical application of radiolocation is to find doomed aviators. 
Most aircraA automatically activate an Emergency Locator Transmitter (HLT) when an 
emergency is declared. Using the doppler eifect previously discussed in this chapter. 
PANSAT could detect an ELT signal and relay the signal to a ground station. Tlte 
ground station could create a doppler graph as in figure 26. 'The TCA of the satellite to 
the ELT occurs at the inflection point of the curve. PANSAT's nadir point at this time 
can be plotted. If the same thing is done for a couple of orbits, the ELT's location can 
be triangulated. This technique has been used in the past on NASA's Search And Res¬ 
cue SATellite (S.ARSAT) of the 1970's. |Rcf. 19; p. 63] 

The ideas presented in this chapter have only hinted at the multitude of experiments 
which are possible using a satellite such as PA.NSAT, Experiments can be done to re¬ 
enforce student understanding of lecture material covering the space sciences. .Many 
academic departments at NPS could benefit from tliis type of laboratory’ experience. 
The only limiting factor is the students' imagination. 


VI. INTERNATIONAL SPECTRUM MANAGEMENT 


With this chapter, the stud}’ leaves the satellite design consideration topic and ad¬ 
dresses the satellite licensing problem. When a satellite is licensed, the desired result is 
that an operating frequency is requested and approved. Before explaining the various 
licensing routes possible for PANSAT, it would be helpful to understand the structure 
and roles of the frequency spectrum regulating agencies. This chapter describes the most 
senior of the regulating agencies, the International Telecommunications Union (ITU). 
The two national level agencies, the Federal Communications Commission (FCC) and 
the N 4 tional Telecommunications Information Administration tNTIA), are discussed in 
the following chapter. 

A. THE INTERNATIONAL TELECOMMUNICATIONS UNION 

The worldwide organb.ation wliich manages frequency allocations is the Interna¬ 
tional Telecommunications Union (ITU). Within the geographical confines of each 
country, a national regulatory organization is responsible for the licensing of radio 
stations and the assignment of frequencies. In the United States, the FCC and the 
NTIA jointly maintain regulatory control. The FCC and NTIA arc required to notify 
the ITU of any frequency assignments or license approvals. If the ITU does not foresee 
any interference or international conflict, it approves the action and officially records it. 

The main role of the ITU is to settle conflicts between member nations pertaining 
to the field of telecommunications. The ITU, originally known as the International 
Telegraph Union, was founded in Paris, France in 1S65. In 1932, the name was changed 
to its present form when additional duties, relating to telephony and 
radiocommunications, were incorporated into its charter. In 1947, the United Nations 
made the ITU a UN specialized agency for international telecommunication matters. 





Presently, 162 nations, including the United States, are members. |Ref. 20: p. 621 Today, 
the ITU is located in Geneva, Switzerland.! 

'llte central document of the ITU is the International Telecommunications Con¬ 
vention. The Convention has international treaty power. In fact, the Convention is a 
treaty between the member nations w'hich specifies the ITU's basic structure, objeaives, 
budget and operating procedures. 'The Convention may only be altered by the 
Plenipotentiary Conference, which meets once every seven years. Subservient to the 
Convention are the Radio Regulations, Telegraph Regulations and Telephone Regu¬ 
lations. These regulations may be revised by Administrative conferences. [Ref. 21 : p. 
120 ) 

The overall objectives of the ITU are threefold. First, to promote international co¬ 
operation among all members of the ITU, to improve the use of telecommunications of 
all types, and to provide technical assistance to developing countrict:. Tlie second ITU 
objective is to promote the development of more elTicicntly operating technical facilities 
to improve communications service and to make them available to the general public. 
The final objective is to achieve the first two objectives in such a manner as to c' use the 
least friction between the members. (Ref. 22: Art. 4J In order to accomplish the three 
objectives, several specific tasks are performed by the Union. To better understand the 
tasks, the structural breakdown of the Union is presented, to be followed by tasks per¬ 
formed by each substructure. 

1 For those interested in contacting the ITU, the mailing address and phone number are: 

ITU 

International Telecommunications Union 
Place des Nations. CH 1211 
Geneva 20. Switzerland 
Telephone; (022; 3-1 60 21 
Telex: 23(XK» 
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Figure 27. ITU Organization 

Struaurally, the ITU is comprised of two categories of organs: the international 
conferences and the permanent organs. There are three types of ad-hoc struaures 
(international conferences). They are the Plenipotentiary Conference, the Administra¬ 
tive Council, and the Administrative Conferences. Hierarchically, the three ad-hoc 
struaures are senior to the permanent organs. Figure 27 depias the ITU's overall 
structural relationships. There are four permanent organs in the Union. They are the 
General Secretariat, the International Frequency Registration Board (IFRB), the Inter¬ 
national Telegraph and Telephone Consultative Committee (CCITT) and the Interna¬ 
tional Radio Consultative Committee (CCIR). (Ref. 23: pp. 3-5] 
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The Plcnipotentiar}' Conference is the most powerful organ in the Union. It is 
composed of one representative from each member country. The conference meets eveiy 
seven or eight years. The Plenipotentiaiy, determines when it will meet, based upon 
recommendations by the General Secretariat. In the Plenipotentiary Conference, as in 
all three types of international conferences, the conferences are organizations of equals. 
No ITU stair or senior conference delegate has authority over other delegates [Ref 23: 
p. 3j. The Plenipotentiary Cortference performs several tasks, tlic most important of 

which are listed here (Ref 22: Art. 6): 

1. Determine general policies of the Unicii. 

2. Revise the ITU Convention if required. 

3. Elect members of the Administrative Council. 

4. Elea members of the II RB. 

5. Elect the Secretary-General (Head of the General Secretariat). 

6. Elect the directors of the CCIR and the CCITT. 

7. Provide a budget setting fiscal limits until the next Plenipotentiary Conference. 

8. .Make decisions dealing with staffing, salaries and pensions. 

9. Conclude or revise agreements with other international organizations. 

10. Answer other telecommunications related questions as required. 

While the Plenipotentiary Conference is the supreme organ of the Union, the Ad¬ 
ministrative Council actually governs the Union. The Administrative Council is com¬ 
posed of 41 members, all of which arc elected by the Plenipotentiary. The Council meets 
annually for a three week period. During the interval between Plenipotentiary Confer¬ 
ences, the Administrative Council acts on behalf of the Plenipotentiary, within the de¬ 
legated limits of power. The four major tasks of the Council are [Ref 22: Art.Sj: 

1. Perform duties as assigned by the Plenipotentiary, to include the implementation 
of the rules and regulations contained in the ITU Convention and the Administra¬ 
tive Regulations. 

2. Each year create a technical assistance policy in accordance with ITU objectives. 

3. Coordinate the work of the ITU and control the fiscal spending of its permanent 
organs. 

4. Promote international cooperation by giving technical assistance to developing 
countries. 
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The final ad-hoc structure in the ITU is the Administrative Conference. Structural 
organizations vary for this conference, depending upon the mandate of the particular 
conference. Administrative Conferences are convened whenever there is a subject, or 
conflict, to discuss of a pertinent matter (Ref. 23; p. 5J. Administrative Conferences arc 
normally held to discuss very specific telecommunications matters. Subjects not in¬ 
cluded in the agenda may not be discussed at the conference. All decisions reached must 
also be in accord with the ITU Convention. The Administrative Conference does have 
the power to perform such tasks as making revisions to the Administrative Regulations 
or the Radio Regulations. [Ref. 22: Art. 7} 

There are two types of Administrative Conferences, the World Administrative Radio 
Conference (W'ARC) and the Regional Administrative Radio Conference (RARC). 
WARCs discuss matters on a worldwide scale. Their agendas can have either a broad 
or narrow' scope, depending upon the need. Since World War 11, twenty limited WARCs 
and six broad subject matter WARCs have been held. Of these 26 WARCs. five of them 
have been called to deal with matters directly related to space conrununications. They 
were the 1963 and 1971 Conferences on Space Communications, the 1977 Conference 
on Broadcast Satellites, and the 1985 and 1988 Conferences on Geostationary Orbits. 
[Ref. 24: p. 35] 

R.ARCs cover subject matter of a more regional nature. The ITU has separated the 
earth into three regions. Figure 2S shows the area covered by each region. Region 1 is 
comprised of Europe and Africa. Region II contains North and South America. Region 
III is made up of Asia and the western Pacific. R.\RCs arc called based upon the dif¬ 
ferent needs of each region, which do not affect the other two regions. The member 
nations of each region meet and make compromises and frequency allocations among 
themselves. Fourteen Ri'\RCs have been held since World War 11. An example of a 
R/NRC issue occurred in 1983, when the United States called a RARC for Region II to 
discuss the distribution of slots in the geosynchronous orbit allotted tc Region II. [Ref 
24: pp. 35-36] 

The first of the four permanent organs in the ITU is the General Secretariat. The 
head of the General Secretariat is the Secretary-General, who is appointed by the 
Plenipotcntiaiy Conference. Me reports to the Administrative Council each year on the 
state of the four permanent organs of the Union. The Secretarv'-Genera! is also the legal 
representative of the Union. The six functional departments of the General Secretariat 
include finance, personnel, social protection, computer, conferences and common ser¬ 
vices, external relations and technical cooperation. As the departments indicate, the 





Figure 28. ITU Geographical Regions 


General Secretariat handles the financial and administrative aspects of the Union [Ref. 
22: Art. 8]. In the arena of space communications, the General Secretariat is tasked with 
overseeing the publication and exchange of information regarding satellite communi¬ 
cations. The General Secretariat also runs the technical cooperation programs to pro¬ 
mote the development of satellite communications in developing countries [Ref. 25: pp. 
36-37]. These tasks are specifically accomplished by publishing such material as the 
Telecommunication Journal and by providing professional instructors and advisors to 
developing nations. 

The International Frequency Registration Board is the second of the four permanent 
organs. The IFRB is composed of five members who are eleaed by the Plenipotentiaiy 
Conference. The Administrative Council can replace IFRB members in years in which 
the Plenipotentiary does not meet. The major function of the IFRB is to receive notifi¬ 
cations from member countries, informing the Board of the country's assignment of a 
frequency to an individual local station. The IFRB then determines whether or not that 
assigned frequency may create harmful interference in another country. If not, then the 
frequency is entered into the Master International Frequency Register, which the IFRB 
is tasked to maintain. If it is deemed that interference will occur, the IFRB notes the 
problem and serves as an international negotiator between-the countries in conflict, for 
the purpose of attaining.a compromise solution. As an example, in 1975, the IFRB nc- 




goliatcd such a compromise solution between INTELSAT, the USSR, India and 
Indonesia [Ref. 24: p. 34]. Additional tasks performed by the IFRB include [Ref. 22: 
Art. 10): 

1. Recording positions in geostationary orbit assigned to individual countries. 

2. Furnishing advice on frequency assignment and geosutionary satellite slot assign¬ 
ment. 

3. Maintain the records of each assignment. 

4. Prepare reports for and participate in WARCs and RARCs. 

5. Advise members on allocation of frequencies, geostationary slots and interference 
issues. 

6. Perform any additional duties concerning the assignment and utilization of radio 
channels and orbital slots. 

The Radio Consultative Committee is the third of the ITU's permanent organs. Its 
director is elected by the Plenipotentiary Conference. The CCIR carries a permanent 
staff called the Specialized Secretariat. Every four years, the CCIR calls a Plenary As¬ 
sembly to construct a list of technical and operational questions which need to be 
studied. These questions are divided up among several study groups. The study groups 
are composed of ITU member countty representatives, international organizations, 
CCIR specialized secretariat staff, recognized private agencies plus scientific and indus¬ 
trial organizations. The study groups draw up recommendations which, after approval 
by the Plenaiy Assembly, arc used in WARCs and RARCs. (Ref. 25: p. 37] 

Several of the study groups deal directly with space communications. Some exam¬ 
ples of space related topics discussed in the last Plenary Assembly are fixed satellite ser¬ 
vice, space research and radioastronomy, propagation in non-ionized media, mobile and 
satellite broadcasting services, and standard time and frequency [Ref. 23: p. 5]. The 
Convention recaps the duties of the CCIR as follows [Ref. 22: Art. 11]: 

...to study technical and ojserating questions relating specifically to 

radiocommunications without limit of frequency range and to issue recommen¬ 
dations on them. 

The CCIR's sister Committee is the International Telegraph and Telephone 
Consultative Committee. It is the final permanent organ of the Union. The structure 
of the CCITT is much the same as the CCIR. The director is elected by the 
Plenipotentiary' Conference and it also carries a permanent stalf called the Specialized 
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Secretariat, located in Geneva. The CCITT does its work m study groups similar to the 
CCIR. A sampling of topics for the study groups include transmission systems and 
equipment, digital technology, telematics, telegraph netwixis, data communication, sig¬ 
naling and switching and regional tariff groups |Ref. 23 : pp. 31-35J. The Convention 
describes the duties of the CCITT as follows (Ref. 22: Art. 1I|: 

...to study and issue recommendations on technical, opoating and tariff questions 
relating to telecommunication ser\'ices, other than technical or operating questions 
relating specifically to radiocommunications. 

The CCITT studies the use of telecommunications and the types of signalling associated 
with different types of information. The CCITT is involved in space communications in 
the area of satellite circuit integration into different networks. Some space related study 
group topics have included digital speech interpolation, the use of satellite circuits for 
data transmission, and the effects of long propagation times on signalling systems. [Ref. 
25: p. 361 

In many instances, the two Consultative Committees work together on related sub¬ 
jects and jointly publish journals on subjects of interest. The reports produced by the 
two Committees arc the technical basis on which the WARCs and RARCs act to effect 
changes in the ITU Radio Regulations. 

This section has briefly described the structure and function of the ITU. Tlic ITU 
is the grandfather organization which the FCC and NTIA of the United States must 
notify when assigning frequencies to new stations, revising frequency assignments to old 
stations, or assigning geostationary orbit positions. The notifications and requests for 
license for PANS.AT, which are sent to the FCC for an amateur satellite, eventually must 
be approved by the ITU. The IFRB is the specific entity within the ITU which would 
be involved with PANSAT's approval for license. Since its birth in 1865, and since it 
first became involved with satellite communications in 1959, after the 1957 launch of 
Sputnik, the ITU has been highly successful in resolving communications conflicts. 



VII. FEDERAL FREQUENCY REGULATING AGENCIES 


The ITU, acting upon the recommendations of its WARCs and RARCs, has as¬ 
signed an allotment of radio channels to member nations, which the individual countries 
are responsible to regulate within their borders. In the United States, frequency regu¬ 
lation is performed by two independent agencies, the Federal Communications Com¬ 
mission (FCC) and the National Telecommunications and Information Administration 
(NTIA). Both agencies were created as a result of sections 303 to 305 of the Commu¬ 
nications Act of 1934, which addresses the regulation of wire and radio commerce within 
and across U.S. borders. The FCC is responsible to regulate telecommunications oper¬ 
ated by the private sector, while the NTIA assigns frequencies and regulates systems 
operated by the federal government |Rcf. 26: p. 3.5]. Prior to 1978, the NTIA was 
known as Uie OITice of Telecommunications Policy (OTP) (Ref. 27 : p. 401). 

Looking at the National Table of Frequency Allocations [Ref. 28], it show's that the 
NTIA and the FCC each individually control about 30% of the U.S.'s allotted frequen¬ 
cies. The remaining dO’/o are controlled jointly by the two agencies. As a result of the 
shared frequencies, the NTIA and FCC must coordinate many of their activities. For 
example, FCC representatives serve on the NTIA's Interdepartment Radio Advisoiy 
Committee (IRAC). The IRAC is described later in this chapter. Conversely, the NTIA 
contributes to the FCC rulemaking process (Ref 29 : p. 76). Because the frequency- 
spectrum is a limited resource and there arc increasing requirements for spectrum usage, 
both the FCC and NTIA must work together to create a long range plan that will meet 
the requirements anticipated in the future. The remainder of this chapter describes the 
two national agencies. 


66 




A. FEDERAL COMMUNICATIONS COMMISSION 



As specified by the Communications Act of 1934, the FCC was created to regulate 
telecommunications 'in the public interest.' More specifically, this means the FCC is 
responsible for spectrum management in the private sector, state and local governments 
included (Ref. 30 : Sect. 303].2 The general duties of the Commission have been ex¬ 
panded as technology produces new methods of communications. The Communications 
Satellite Act of 1962 incorporated satellite communication into the FCC's realm of re¬ 
sponsibility (Ref. 31: p. 196]. General tasks to be performed by the FCC include [Ref. 
29: p. 3]: 

1. To promote the development and operation of broadcast semces. 

2. To provide efficient worldwide telephone and telegraph services at reasonable rates. 

3. To promote the safety of life through the use of radio assets. 

4. To use radio and television to strengthen national defense. 

5. To coordinate and consult with other appropriate agencies concerning communi¬ 
cations. 

6. To regulate all broadcast .services, through licensing. 

7. To review the performance of licensed stations to assure proper operating proce¬ 
dures and that the station is in the public interest. 

8. To approve station ownership changes and station technical alterations. 

9. To process applications for construction of stations and changes in service. 

The FCC is headed by five Commissioners, who are appointed by the President, with 
the consent of Congress. The President chooses one of the five members to be the 
chairman. The chairman presides over FCC meetings and represents the Commission 
in interagency matters. Commissioners serve overlapping five year terms of office. No 
more than three Commissioners may be from the same political party. All FCC matters 
are resolved by a majority vote of the Commissioners. Congressional control of the 

2 For those interested in contacting the FCC's national ofllce, the address and phone number 
are: 

Fedcral Communications Commission (National Office) 

1919 .M Street Northwest 

Washington, D.C. 20.554 

phone: (202) 653-8144 
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FCC is exercised through subcommittees of the U.S. Senate and the House of Repre¬ 
sentatives (Ref. 24: p. 149]. The Commissioners supervise all activities within the FCC. 
Matters are discussed at regular open and closed agenda meetings and special meetings. 

Assisting the Commissioners perform the previously listed tasks are numerous staff 
members, who are organized into four bureaus and seven ofllces. Figure 29 depicts the 
FCC's structure. The four operating bureaus are the .Mass Media, Private Radio, Field 
Operations and Common Carrier Bureaus. The seven offices are the Offices of Plans and 
Policy, Administrative Law' Judges, Opinions and Review’, Public Affairs, General 
Council, Science and Technology, and the Office of the Executive Director. Descriptions 
of each office and bureau follow.3 

In 1982, the FCC merged what was then called the Broadcast Bureau and the Cable 
Television Bureau to form the present Mass Media Bureau. This bureau is responsible 
for regulating AM and FM radio, television broadcast stations and cable television net¬ 
works. In the space arena, the Mass Media Bureau is tasked with the regulation of Di¬ 
rect Broadcast Satellites (DBS) in coordination with the Common Carrier Bureau. [Ref. 
24 : p. 1501 

The Common Carrier Bureau is charged with the regulation of radio and wire com¬ 
munication services such as radio, telegraph, facsimile and satellite services. This bureau 
licenses the above services and establishes the rates in coordination with state authori¬ 
ties. The Common Carrier Bureau is very involved with satellite communications, as it 
licenses satellites, taxes them and establishes operational restrictions. (Ref 24: p. 150] 

The Private Radio Bureau establishes regulatory control over all other types of radio 
stations (excepting experimental stations) to include amateur (PANSAT operates here), 

3 For those interested in contacting the FCC's regional office, the address and phone number 
are: 

Federal Communications Commission (Regional Office) 

211 Main Street 
Room 537 

San Francisco. Ca. 94105 
phone: (415) 744-2722 







Figure 29. FCC Organizational Structure 


aviation, CB, public safety (police), marine and industrial sutions [Ref. 29: p. 4]. This 
bureau would license and regulate PANSAT, as it operates in the amateur band as an 
amateur station. Satellites are looked at in the same manner as a station. 

The last bureau, the Field Operations Bureau, conducts engineering work for the 
Commission. Its responsibilities include inspecting stations, monitoring radio trans¬ 
missions, detecting radio regulation violations, investigating complaints of interference 
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and handing out violation notices. This bureau has field olTices across the countr}’.4 The 
Field Operations Bureau also processes radio operator license applications and exam¬ 
inations. (Ref. 29: p. 5} 

The functions of the seven offices are well reflected by their titles. The Office of 
Plans and Policies develop long range plans and policy recommendations encompassing 
the entire spectrum of the FCC. The Office of Administrative Law Judges preside over 
FCC hearings and make the Initial Decisions, which are reviewed and approved by the 
Commissioners. The Office of Opinions and Review assists the Commissioners review 
the Initial Decisions and make recommendations to be used in the Final Decisions. The 
Office of Public Affairs is responsible to inform the public of FCC decisions, to promote 
public participation in FCC decision making, and to advance the cause of equal oppor¬ 
tunity in the communications field. The Office of the General Counsel is the legal rep¬ 
resentative of the Commiision. Its tasks include representing the FCC in court and 
advising the Commissioners on legal matters involving FCC policy. The Office of Sci¬ 
ence and Technology regulates experimental stations, coordinates standards with the 
FCC and coordinates international station licenses. If PANSAT could be licensed as 
an experimental satellite, the license request would go through this office. Finally there 
is the Office of the Executive Director. Mis duties are administrative in nature. They 
include internal administration, health and safety, budget planning and personnel man¬ 
agement. (Ref. 29: pp. 3-6] 

The FCC publishes a number of periodicals to inform the public of FCC actions. 
The Office of Public Affairs publishes a daily FCC news release which announces recent 

4 The address and phone number for the FCC local office is: 

Federal Communications Commission (Local Office) 

Field Operations Bureau 
424 Customhouse, S.'ii Baticrx' Street 
San Francisco. Ca. 94111 
phone: (415)705-1101 
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FCC actions and propositions. It can be obtained from the FCC Press Oflicc (phone: 
(202) 254-7674). Tlie FCC also publishes a weekly version of FCC Reports and uses the 
Federal Register to publish decisions, orders and policy statements. These publications 
are available from the Superintendent of Documents, Government Printing Office, 
Washington, D.C. The rules and regulations of the FCC are located in title 47 of the 
Code of Federal Regulations. Copies of this are also available through the Government 
Printing Office. (Ref. 26; p. 3.5] 

The remainder of the chapter examines the structure and function of the U.S.'s other 
frequency regulating agency', the NTIA. 

B. NATIONAL TELECOMMUNICATIONS AND INFORMATION 
ADMINISTRATION 

The NTIA falls under the Executive Branch of the U.S. government. The President 
is ultimately responsible for the frequency management of all radio stations belonging 
to and operated by the government (Ref. 30: Sect. 305j. The President delegates this 
authority to the Department of Commerce. The head of the NTl.A is tlie Assistant 
Secretary of Commerce for Communications and Information. Besides regulating gov- 
emmcntal use of the spectrum, the NTI.A also assigns frequencies for industrial govern¬ 
ment contracts. (Ref. 26; p. 3.6]5 

The resoonsibilitics of the NTIA can be broken down into three objectives, all re¬ 
lating to spectrum management. The objectives arc (Ref 32: p. 659): 

5 For those interested in contacting the Nil A, the address and phone number arc; 

U.S. Department of Commerce 

National Telecommunications and Information Administration 

I4th and Constitution N W 

R.M 4W9 (for Frequency .Assignment Ollicc) 

Washington. D C. 2't23U 
phone; (202) 377-1832 
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1. Assign frequencies to federal government organizations. 

2. Coordinate with the FCC in order to perform long range planning to more elli- 
ciently use the U.S.'s allotted frequencies. 

3. Prepare for ITU R/\RCs and WARCs. 

An organizational chart of the NTIA is presented as figure 30. The NTIA is pro¬ 
gram oriented with a staff consisting of a chief administrator, a deputy administrator, 
three associate administrators, four directors, a chief counsel, a chief scientist and several 
advisors. The size of the NTI.-\, including secretarial support, is approximately 60 peo¬ 
ple [Ref. 33 p. C.3]. All the senior staff and support personnel are organized into seven 
offices and one institute. The seven offices and one institute cover the subject areas of 
policy analysis, general counsel, spectrum management, internal affairs, telecommuni¬ 
cations sciences, policy coordination and management, public affairs, and media re¬ 
lations. 

The Office of Spectrum Management (OS.M) performs most of the tasks required 
by the NTIA, specifically in the area of frequency assignment to government agencies. 
OSM interacts with the FCC while coordinating the 40% of the allotted frequencies 
which are jointly controlled. OSM used several planning methods to accomplish its two 
tasks of satisfying the RF spectrum needs of the federal government and ensuring that 
the allotted frequencies arc being used in an efficient manner. To do this OSM coordi¬ 
nates with all federal agency users to determine their specific needs. [Ref. 32: p. 659] 
The NTIA also uses external support in the form of the Intcrdcpartment Radio 
Advisory Committee (IR.'\C) and the Frequency Management Advisory Council 
(FM.AC). Both groups fall under the Department of Commerce and are closely tied to 
the NTIA. 

The IR/\C was originally created in 1922. In 1970, the present form and mission 
was established pursuant to Executive Order 11556. The function of the 11U\C is to 
serve in an advisory capacity to the Administrator of the NTIA on matters relating to 
spectrum management. The I RAC is chaired by and reports to the Deputy Associate 
Administrator of the OS.M. The committee is composed of representatives from each 
of the federal agencies and departments that use the spectrum. Examples of these rep¬ 
resentatives include the USN, USAF, US.A, VA, Coast guard, NASA, FA.A, Commerce, 
Interior, Justice, etc. A liaison representative from the FCC also sits on the 11U\C. 
[Ref. 33: Append. 9] 
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Figure 30. NTIA Structural Organization 

The IRAC is a forum in which spectrum management problems are discussed and 
recommendations formed. This committee meets twice a month. The IRAC is further 
divided into four subcommittees: the Frequency Assignment Subcommittee (FAS), the 
Special Planning Subcommittee (SPS), the Technical Subcommittee (TSC) and the 
International Notification Group (ING). 

The other e.xternal advisory group the NTIA uses is the FMAC. This council was 
created in 1965. It is composed of 15 members, who are chosen by the Administrator 
of the NTIA. The group is chaired by the Associate .Administrator of the OS.M. The 
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FMAC meets three lime a year. The members of the council arc chosen based upon 
their technical expertise in the telecommunication area of interest. The mission of 
r.MAC is to provide advice to the NTIA on spectrum allocation and the use thereof. 
.More specifically, the members arc tasked with reviewing spectrum management pro¬ 
grams, reviewing the progress of electromagnetic compatability (E.MC) programs, and 
to prepare the L'.S. position on issues to be discussed in upcoming ITL' conferences. 
As an example, the NTI.-\ used the FMAC to make recommendations on the telecom¬ 
munication aspects of the proposed U.S. space station and on the commercialization of 
space. (Ref. 32; p. 661) 

The complete rules and functions of the NT1.^ are published in the Manuel of Reg- 
ulations and Procedures for Federal Radio Frequency Management. Copies of this publi¬ 
cation may be obtained through the Superintendent of Documents, Washington, D.C. 
2fM02. 

Tile U nited States recognizes that the portion of the RF spectrum allotted to the 
U.S., by the ITU, is a precious resource. Such a limited resource cannot be squandered 
in an incilcctivc and wasteful manner. Seeing the need to control the use of this re¬ 
source, tltc government created an organization to regulate its use. The government also 
realized that the private and federal sectors operate in vastly difTerent manners. To 
handle tiic two separate methods of operation, the frequency regulating organization 
was structured into two independent organizations. Both must coordinate wiiii eacli 
other, and both must report to the higher ITU on a notification basis. Figure 31 at¬ 
tempts to describe this complex relationship in a pictorial form. 

Had the decision been made to attempt to obtain a military channel to operate 
PANSAT. the request for frequency assignment would have been made through the 
NT’.A and its substructure. The Naval Electromagnetic Spectrum Center 
(N.WEMSCEN), where the request would be initially sent, can be considered part of the 
NTl.A's substructure. Had P.ANS.AT been classified as a strictly experimental satellite, 
the frequency license application would have been made through tiic Office of Science 
and Technology within the FCC's substructure. It was decided to license PANS.NT as 
an amateur Satellite. The license request goes through the I CC and its Private Radio 
Bureau. The remaining chapters cover procedures to initiate license renuests fur a sat¬ 
ellite in the categories of military, experimental or amateur satellite. 
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VIII. AMATEUR SATELLITE LICENSING PROCESS 


The next three chapters describe the processes involved with licensing a satellite as 
either an amateur, militar>' or experimental satellite. These three categories were chosen 
because they arc the three categories of radio stations which PANS.\T could be classi¬ 
fied as. 

The first method by which PANSAT could be licensed, is as an amc ear satellite 
operating within the scope of the amateur satellite community. This approach is the 
method currently pursued by NPS. Part 97 of Ref. 28: defines the Amateur Service as 
follows: 

.•\ radio communication service for the purpo.se of self trauiing. intercommunication, 
and technical investigations carried out by amateurs, that is, duly authorized persons 
interested in radio technique solely with a personal aim and without pecuniary in- 
tcrest. 

1 he .Amateur Satellite Service is defiiicd: 

A radiocommunication service using stations on Earth satellites for the same pur¬ 
pose as those of the Amateur Service. 

This section describes aspects involved w'ith the process of obtaining an amateur license, 
as well as the restrictions imposed on the satellite's operation. 

The Federal Communic* tions Commission regulates the amateur frequency bands 
within the United States. The amateur radio community has been authorized, in ITU 
region 2, to operate within the portion of the RF spectrum listed in table 4 [Ref. 28: Sect. 
97.3011. 
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Table 4. 
BAND 


AUTHORIZED 

BANDS 


AMATEUR FREQUENCY 


WAVE¬ 

LENGTH 

FREQUENCY RANGE 

160 m 

1800-MOO kHz 

80 m 

3.5-3.75 Mlb 

40 ni 

7.0-7.3 Mllz 

30 m 

10.10-10.15 MHz 

20 m 

18.008-18.168 Mllz 

15 m 

21.00-21.45 MHz 

12 m 

24.89-24.99 Mllz 

Kt m 

28.0-29.7 MHz 

6 m 

50-.54 MHz 

2 m 

144-148 MHz 

1.25 .n 

220-225 MHz 

70 cm 

420-450 MHz 

33 cm 

902-928 .Mil/ 

23 cm 

I240.13(K) Mllz 

13 cm 

2300.2310 .Mllz 

9 cn) 

3.3-3.5 UHz 

5 cm 

5.650-5.925 G1 iz 

3 cm 

IO.tH).|0.50 (iHz 

1.2 cm 

24.(it>-24.25 (illz 

6 mm 

47.0-47.2 GHz 

4 mm 

75.5-81.0 GHz 

2.5 mm 

119.98-120.02 (illz 

2 mm 

142-149 GHz 

1 mm 

241-250 GHz 


The frequency bands listed in tabic 4 are a complete list of authorized bands avail¬ 
able to the highest amateur license class, the extra class. Lower license classes are more 
restricted with the portion of the spectrum available for use. The dilfcrcnt classes of li- 




censes are covered later in the chapter. ITU Regions 1 and III, in many instances, 
provide slightly difTcrent frequency ranges for the wavelength bands. For example, use 
of the six meter band is not authorized for amateurs in Region I, and the use of the two 
meter band is restricted to 144-146 MIIz. In many of the authorized bands, amateurs 
may use the band on a secondary basis only. This means they are not protected from 
interference caused by primary users, such as the U.S. government. PANSAT operates 
in the UHF 70 cm band, with a central frequency of 437.25 MMz. Satellite conununi- 
cations in this band are restricted to 435-438 .Mllz [Ref. 34: pp. 5.131. Table 5 lists the 
authorized frequencies for amateur satellite conununications, uplink and doumlink [Ref. 
28: Sect. 97.207-97.211). 
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Table 5. AUTHORIZED FREQUENCIES FOR AMATEUR SAT¬ 
ELLITES 


BAND 


wave¬ 

length 


16(* m 


TELECOMMAND 

or 

EARTH-TO-SPACE 


SPACE-TO-EARTH 



14.0-14.25 .Mhz 


.All 



6 ni 


2 ni 


1.25 m 




70 cm 


33 cm 


23 cm 


1.' cm 


435-4.3<S MHz 


12m,).127() MHz 


24(Ki.2450 Mil/ 


4.^5-438 MHz 


12W.J-I2T0 .Mil/ 


24(X».2450 Mil/ 



9 cm 3.4-3.41011/ 


5 cm 5.6.>-5.67 OH/ 


3 cm 10,4,>-10.50 OH? 


1.2 cm 24.fKi-24.05 OH/ 


3.4-3.41 OH/ 


5.83-5.85 OH/ 


10.45-10.50 Oil/ 


24.00-24.05 OH/ 



CHI- 

6 mm to 

4 mm 

EHF 

2.5 mm 

EHF 

2 mm to 

1 mm 




PANSAT has a 1 MMz bandwidth which, when centered on 437.25 MHz, is contained 
within the authori/cd band. Sharing requirements for this band are as follows [Ref. 28: 
Sect. 97.303): 
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1. In adjacent ITU regions, frequency bands arc allotted to dilTcrent services of the 
same category, the basic principle is the equality of right to operate. Operations 
in one region should not interfere with operations from another region. 

2. No amateur station transmitting in the 70 cm band may cause harmful interference 
to, nor is protected from interference from, the government radiolocation service. 

3. In Region II, the 430-440 MHz is allotted to amateurs on a secondarv’ basis. As 
such, they cannot cause interference to any other nation's radiolocation services. 

Within each frequency band, amateurs are restricted in the types of '‘missions which 
are authorized. Table 6 summarizes the authorized emission types [Ref. 28: Sect. 
97.305]. Continuous Wave (CW) transmissions, also called International Morse Code, 
is authorized in any band. In table 6, RTTY is a narrow-band telegraphy emission. 
Data is computer communications emissions. Modulated Continuous Wave (.MCW) is 
tone modulated morse code. Phone emissions are speech and other sounds. Image 
entissions include television or facsimile. SS stands for spread spectrum communi¬ 
cations. Test is an emission with no information, and lastly, pulse is a special type of 
three symbol emission. 
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Table 6. AUTHORIZED AMATEUR EMISSION -HPES 


BAND 

WAVE¬ 

LENGTH 

EMISSION TYPES AUTHORIZED 

.MF 

160 m 

CW, RTTY, data, phone, image 

HF 

80 m 

CW, RTIA', data 

HF 

m 

CW, phone» image 

MF 

40 m 

CW, RTTY. data, phone, image 

I IF 

30 m 

CW, R TTY. data 

HF 

20 m to 10 
m 

CW, RTTY, data, phone, image 

VHF 

6 m to 1.25 
m 

CW, RTTY, data, .MCW, phone, image, 
test 

UHF 

70 cm 

CW, MCW, phone, image, RTTY, data, 
SS. test 

UMF 

33 cm 

CW, MCW, phone, image, RTTY, data, 
SS, test, pulse 

i;hf 

23 cm 

CW, MCW, phone, image. RI FY, data, 
SS, test 

LHF 

13 cm 

CW, .MCW, phone, image, RTTY, data, 
SS. test, pulse 

Sill 

9 cm to 5 
cm 

C3' . MCW. phone, image. RTTY, data. 
SS. test, pulse 

SI IF 

3 cm 

CW, MCW, phone, image, R IT V, data, 
SS. te'-t 

Sill 

1.2 ent 

CW, 3ICW. phone, image, R I IV, data, 
SS. test, puhe 

EHF 

6 mm to 1 
mm 

CW. .MCW. phone, image. R TTY, data. 
SS, test, pulse 


PANSAT uses a direct sequence spread spectrum communications system. Referring to 
table 6, spread spectrum is an authorized emission type in the 70 cm UMF band. 

The FCC has placed a number of restrictions on the use of spread spectrum com¬ 
munications. Spread spectrum communications cannot be used to encode a message so 
that no one else can read it. The purpose must be to facilitate communications. To 
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comply, NPS is required to make such things as schematics of PANSAT's 
encoder'decodcr circuit boards public so that all interested amateurs may use the asset. 
These descriptions may be published in periodicals such as Orbit .Magazine or the Am¬ 
ateur Satellite Report newsletter. The non-cipher rule does not apply to the telecom¬ 
mand portion of the transmission. The purpose here is to protect the security of the 
satellite. Spread spectrum emissions are only authorized in locations where the amateur 
service falls under the domain of the FCC. This is in the continental United States in 
ITU Region II. It is unauthorized to transmit a spread spectrum signal across interna¬ 
tional borders. The use of spread spectrum emissions also means that the satellite can¬ 
not be the cause of harmful interference to other authorized users. PANS/XT is also not 
protected from harmful interference caused by authorized users. Hybrid spreading 
techniques arc not authorized. PANSAT cannot combine the frequency hoppitig and 
direct sequence spreading techniques. Only spreading sequences from the output of one 
binary’ linear feedback shift register arc authorized. The shift register output sequence 
cannot be altered before use. The peak power output cannot exceed 100 \V. When or¬ 
dered by the FCC, P.\NSAT must be able to cease transmissions, restrict transmissions, 
or produce a record which may be converted to the original message for all spread 
spectrum transmissions. [Ref. 28: Sect. 97.311 and 97.419) 

Station records must document all spread spectrum communications. The records 
should contain information suflicicnt to allow the FCC to decode all transmitted infor¬ 
mation. The records must be retained for one year after the last transmission. The fol¬ 
lowing information, as a minimum, should be included in the records [Ref. 34: p. 243): 

1. A technical description of the transmitted signal. 

2. Parameters describing the transmitted signal, such as frequency, ciiip rate, code 
rate, spreading function, transmission protocol to include the method of achieving 
synchronization and type of modulation. 

3. Type of information, such as voice, data, television, facsimile, etc. 




4. The method and frequency used for station identification. 

5. The date time group of the beginning and ending of each transmitted signal. 

Perhaps the first step in licensing a satellite is obtaining an individual amateur op¬ 
erator's license. There are five classes of amateur licenses. Table 7 lists the classes of 
licenses, the number of words per minute (WPM) required to be able to pass or receive 
in the morse code test, the content of the written exam, and the privileges allotted to 
each class (Ref. 34: p. 2.2]. 


Table 7. AMATEIIR OPERATOR LICENSE CLASSES 


CLASS 

MORSE 

CODE 

TEST 

WRITTEN 

EXAM 

PRIVILEGES 

Novice 

5 WPM 

Elementary 
theory and 
regulations 

CW on 3700-3750, 
7UK).7150. and 
21,100-21.200 kHz: CW 
& RITY on 2S.100.2S300 
KHz: CW&SSB voice 
on 28,3(X)-28,500 KHz: 

All modes on 

222.1-22.3.91 MHz and 
1270-129.5 .MHz 

Technician 

5 WPM 

Novice plus 
technician 
level theory 
and regu¬ 
lations 

All amateur privileges 
above 50 MHz plus Nov¬ 
ice IIF privileges 

General 

13 WPM 

Technician 
plus gen¬ 
eral theory 
and regu¬ 
lations. 

All amateur privileges e,\- 
cept those reserved for 
Advance and Extra 

Advanced 

13 WPM 

General 
plus inter¬ 
mediate 
theory 

All amateur privileges e.\- 
cept those reserved for 

Extra 

Extra 

20 WPM 

Advance 
plus special 
exam on 
advanced 
techniques 

All amateur privileges, 
frequencies listed in table 

4 
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All satellites launched into tlie amateur service must have a sponsor or trustee, who 
is responsible for the proper operation of the satellite. The sponsor.'trustee must hold 
a valid amateur extra class license (Ref, 28 ; Sect. 97.407]. At NPS, a permanent faculty 
member seemed the best person to be PANSAT's sponsor, trustee. Professor R.W. 
Adler, who is currently upgrading his advanced license to an extra class license, is 
PANSAT's sponsor.'trustee. Any other persons wishing to operate the satellite and uti¬ 
lize its communications capability must hold at least a technician class license [Ref 34: 
p. S.13|. Referring to table 7, a technician class license is required to use the 435-438 
MHz UHF band. It would be wise for several NTS SSAG staff members to obtain 
amateur licenses to increase the flexibility of PANSAT's operating schedule. 

'The first step to either upgrade a license or to obtain a novice license is to fill out 
an FCC form 610. Call or write the FCC local olTice to obtain FCC form 610 originals. 
A copy of this form is provided as Appendix A. Perspective licensees arc required to 
take botli a morse code capability test and a written examination. The content of the 
two types of exams are contained in table 7. Testing is performed by accredited Volun¬ 
teer Examiners (VEs). VEs fall under the American Radio Relay League's (ARRL) 
Volunteer Examiner Coordinators (VECs). lesting is performed at thousands of lo¬ 
cations throughout the country. & 

After the completion of the exams, the VECs forward the application and test results to 
the FCC's Gettysburg, Pa. office within ten days. The FCC sends the individual the 
amateur class license on an FCC form 660. Figure 32 shows an example of an FCC form 
660. A copy of FCC form 660 must be maintained by the operator when transmitting 

6 The ARRL. VEC can provide information on exam locations. Their address is: 

ARRL Headquarters 
ARRL, VEC Division 
225 Main Street 
Newington, Ct. 06111 
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Figure 32. Amateur License, FCC form 660 


signals. Should someone fail either portion of the examination, there is no waiting pe¬ 
riod for a retest [Ref. 34: pp. 2.1-2.14], Licensing procedures and license classes for the 
amateur service have continued to change ever since the first license was issued in 1912. 
There is no reason to believe this evolution will not continue. Present licensing proce¬ 
dures could be obsolete in a few years time. Examine current sources for the present 
requirements. 

In conjunction with an operator's license, a station license is also required. In most 
instances, the station license is obtained at the same time as the operator's license. This 
is accomplished by completing the pertinent parts of FCC form 610. When the opera¬ 
tor's license arrives, the station license is also listed on the FCC form 660, as depicted 
on the right portion of figure 32. The FCC used to issue licenses for Club or Military 
Recreation Stations such as K6LY, the club station located at NPS. The Commission 
has since decided not to issue any new club station licenses, however, the FCC will renew 
any old club station licenses on FCC Form 6I0B (Ref 34: p. 4.10). A copy of FCC form 
610B is included as .Appendi.\ B. NPS plans to initially use the NPS club station, located 
at building 205 of the La .Mesa housing complex, until a new ground station can be 
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constructed on the NPS campus. One suggested location is on the roof of Spannagel 
Hall. 

Since no new club stations are being issued, a station trustee must be appointed. 
Professor Addler is the designated trustee for NFS's ground station. The station uses 
the trustee's call sign. An FCC form 610 (see Appendix A) is used to renew the trustee 
license, or in this case change the individual station address. Presently, licenses are valid 
for a period of ten years. (Ref. 28: Sect 97.59) 

When building a radio station, or more specifically putting up an antenna, another 
federal agency called the Federal Aviation Administration (FAA) often becomes in¬ 
volved. This is especially true if the antenna is to go up near an airport, as is the case 
with the .Monterey Airport. If the antenna structure is more than 200 feet above the 
ground, FCC form 854 must be filed with the Commission and FAA form 7460-1 must 
be filed with the FAA. FCC form 854 and FAA form 7460-1 are provided as Appendices 
C and D, respectively. To obtain FCC form 854, contact the FCC local office. To get 
FAA form 7460-1, contact the FAA's regional office. 7 

If the antenna structure is nea*" a runway greater than .^250 feet in length, the station 

must be within a glide slope of 100 to I in order to avoid filing forms 8.‘'4 and 7460-1. 

To figure the highest possible height of the antenna structure without filing the two 

forms, determine the distance to the closest runway. Tliis value is approximately 5(X)0 
50()0 ft 

feet. So " 7 ";:; , —;-- 50 ft, which is the highest tower which can be constructed 

lW/1 glideslope 

without filing (Ref 34 : pp. 3.1-3.5). However, if the antenna is constructed on the roof 
of a preexisting structure, an antenna of less than 20 feet in height may be constructed 

7 The address of the FAA's Western Pacific Regional Office is: 

Western Pacific Regional Office 
Air Traffic Division 
15000 Aviation Blvd 
Hawthorne. Ca. 90260 
phone; (213) 297-1182 








and be exempt from tlic above rules. The rule states that a 20 foot grace distance is al¬ 
lowed for antennas above ground, other natural features, or manmade structures ex¬ 
cepting an antenna tower [Ref 34: p. 3.5). Should an antenna go on the roof of 
Spannagel, the sL\ stories of Spannagcl would provide ample elevation to avoid dis¬ 
ruption of the link path to the satellite. There should be no reason to raise the antenna 
more than 20 feet above the roof. If it is deemed necessary to have an antenna higher 
than 20 feet, on Spannagcl or elsewhere, the above rules and filings would then apply. 

In most cases, city and local government also get involved with antenna con¬ 
struction. The federal government has protected the rights of amateurs to construct 
antenna towers. This protection is found in Amateur Radio Preemption 101 FCC2d 952 
(PRB-1) of 19 September 1985. This document reinforces the right to build a tower of 
reasonable height. The determination of 'reasonable,' howeve^ is left up to the local 
government's interpretation |Rcf 34; p. 3.Sj. It is a good idea to obtain a copy ol ihc 
local zoning ordinances. These can be found at City Hall. These regulations describe 
the uses and dimensional requirements of structures constructed in spceillc city zones. 
Once a permit is obtaii'ed through city government, the local building inspector inspects 
the tower to determine if it is safe (Ref. 34: p. 3.111. Tor the .\PS case, most, if not all. 
of the municipal interaction is performed by NT’S ofTiciais and not SSAG members. The 
SSAG, however, has to convince the NFS ofTiciais that such construction is needed. 

Once the operator's license and the station license arc taken care of, it is time to 
notify the FCC of the intended satellite operation. Two pre-space operation notifica¬ 
tions arc required by the FCC prior to launch. 

The first pre-space notification must be submitted within 27 months of the antic¬ 
ipated launch date. Presently PANSAT's anticipated launch date is in July 1992. The 
first notification, therefore, needs to be submitted to the FCC in May 1990. The fir-it 
notification must provide information as required by .Appendix 4 of the ITV Radio 
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Regulations and Resolution No. 642 of the same [Ref. 2S; Sect. 97.207). Appcndi.v 4 is 
a good guide to follow while writing the first notification. Resolution No. 642 of Ref. 

35 recognizes the following factors [Ref. 35: Res. 942): 

1. Characteristics of earth stations in the amateur sersicc var>' widely. 

2. Space stations are intended for multiple use. 

3. Coordination between amateur sites is accomplished without formal procedures. 

4. The burden of terminating harmful interference falls upon the authorizing admin¬ 
istration (the FCC in this case). 

Recognizing these factors about the amateur service, Resolution No. 642 says that not 
ail the information specified as required in Appendix 3 and 4 of the Radio Regulations 
apply to the amateur sers'ice. As such, only applicable information in the two appendi¬ 
ces need be filed. As an example of a first pre-space notification, Appendix E contains 
the notification sent to the FCC for P.ANSAT. In general, pre-space notifications con¬ 
sist of the space operation date, the satellite service area, orbital parameters and tech¬ 
nical characteristics fur both uplink and downlink. 

A second pre-space notification is required to be sent to the Commission no later 
than five months prior to intended launch. PANSA T's second notification must be filed 
during Februarv 1992. This notification must supply information as required by Ap¬ 
pendix 3 and Resolution No. 642 of the I l f Radio Regulations [Ref. 28: Sect. 9".2<i“l. 
‘I he second notification is much like the first, but requests more detail. Appendix .3 of 
the Radio Regulations is also an excellent guide to follow when dralting the notification 
An example of a second pre-space notification is provided as Appendix F. 

Prior to September I9S9, three pre-space notifications were required at intervals of 
27 months, 15 months and 3 months prior to launch. The I'C'C has been attempting to 
make satellite communications a bit easier. Ihis is an example of that cllorl. [Ref. 36: 
Sect. 97.423) 

Once the satellite has been launched and has started to transmit, a written in-space 
notification must be submitted to the FCC within 7 days of the commencement of sat¬ 
ellite operations. The in-space notification is actually a resubiiiissiun of the second no¬ 
tification with all pertinent updates, such as the actual orbital parameters and any last 
minute changes. (Ref. 2S: Sect. 97.207 and Ref. 34: p, 232) 

The final notification required by the I CC is the post-space notification. The 
post-space notification is simply a written letter to the Commissicn stating the termi¬ 
nation of space operations and signal transmission. The date time group of actual tci- 




mination should be included in the notincatioii. The post-space notification must be 
subniitted within three months after spate operations terminate. If the FCC had ordered 
a cessation of signal transmissions, then the post-space notification is required within 
24 hours of termination. [Ref. 28: Sect. 97.207 and Ref. 34: p. 252j 

Through what offices do the notifications travel? Each notification, once compiled 
and checked for correctness, should be sent to the Private Radio Bureau, FCC, 
Washington, D.C. 20554. When the Private Radio Bureau of the FCC receives the no¬ 
tification, it is forwarded to the Frequenc}' Liaison Branch, who logs the notification in. 
This branch review's it and forward the notification to tiie Treaty Branch. The Treaty 
Branch checks it for correctness, as pertaining to international treaties and ITU re¬ 
quirements. If there are no discrepancies, a copy is filed and the original, with an FCC 
cover sheet, is forwarded to the If RB of the ITU. The IFRB looks for possible inter¬ 
national conflicts. Before filing the notification, it is a good idea to call the fCC Treaty 
Branch (Mr. Frank Williams is the present I reaty Branch Chief, phone: (202) 653-8126) 
to critique the notification over the phone to avoid delays in processing. 

Should the IFRB decide that there are no conflicts, the IFRB publishes the infor¬ 
mation contained in the notification in their weekly circular, of which tiie U.S. state de¬ 
partment receives a copy. Ihc organization requesting satellite licensing docs not 
receive a direct acknowledgement ftom either the .ITU or the FCC. The FCC only 
contacts the perspective licensee if there is a problem with the notification. 1 he only 
way to discover if a satellite has the go ahead' is to monitor the ITU 's weekly circular. 
The FCC also retains a copy of the weekly circular, so verify with them w hen the satel¬ 
lite's ITU notification is anticipated. A normal delay time from the initial filing to the 
ri L "s publication of the notification is from live to sl.t months. (Ref. 3''^| 





IX. FEDERAL AGENCV SATELLITE FREQUENCY ASSIGNMENT 


Another method in which PANSAT could obtain a frequency channel is through the 
NTIA instead of the FCC. The NTIA manages the frequency spectrum for those fre¬ 
quencies allocated to the federal government. NTS falls under the Department of the 
Nav)-, a governmental organization, and should be eligible for consideration to obtain 
a federally allotted frequency. 

NTS must first go through naval channels to initiate such a request. The request 
would go to llie Naval Electromagnetic Spectrum Center (NAVEMSCEN) in 
Washington, D.C. Tlie phone number for the allocation division is (202) 282-2421, and 
the number for the assignment division is (202) 282-2427. The Navy coordinates with 
the NT1.A to fulfil the request. 

Ihc NTIA docs not use the same process as the ICC. Licenses are not issued. 
Instead, a two step process is used. First the requesting organization must request a 
frequency allocation. A frequency allocation, as pertaining to the naval service, is de¬ 
fined; 

The acknowledgement by the Chief of Naval Operations (CNOI that development 
and or procurement ofC-I. cquipnKMit can be supported for operation on a specific 
Ircquencv or bund of ficquencies within the radio frequency spectrum. (Ref. 3S: p. 

21 

The Navy wishes to save money < n the development of a system which causes harmi'ul 
interference to an already existing system, resulting in the cancellation or restriction of 
one of the two programs. The second step, after obtaining a frequency allocation, is to 
request a frequency assignment. A frequency assignment is defined; 

The discrete frequency or frequencies on which C-E equipment or a system is au¬ 
thorized to operate within its allocated band at the location! s) designated and within 
the constraints of the authorizing assignment. [Ref. 38; p. 2j 
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The Administrator of the NTIA is the ultimate authority for managing frequency 
use of DOD entities within the L.S.. The Department of Defense defines spectrum 
management as follows: 

The function where use of the radio frequency spectrum is controlled to ensure the 
electromagnetic compatability of communications-electronics systems. Require¬ 
ments for use of the radio frequency spectrum are presented, reviewed, and, to the 
degree possible, satisfied for communications-electronics systems being acquired or 
brought into use. (Ref. 39] 

Frequency management within the Department of the NAVY (DON) is performed by 
five categories of organkations: sponsors, managers, developers, users and coordinators. 

A spectrum sponsor makes policy, provides project funding and gives overall lead¬ 
ership and direction in the area of spectrum management. The ollice of the CNO is a 
sponsor. The CNO is primarily interested in the authorization for frequency allocation 
issue. The assignment function is pcrlormcd by the managerial catcgoiy. To accomplish 
its spectrum management tasks, the olTicc of the CNO coordinates with other govern¬ 
mental agencies through various spectrum management forums in order to ensure sys¬ 
tem compatability. As such, the CNO is responsible for all DON spectrum management 
and for the LIcctromagnetic Compatability programs (t.MC). (Ref 40 Par. 0I.03.02<.>0] 
A spectrum manager is responsible to ensure the most efficient use of the Kf s|x'c- 
trum. The Director of NAVL.VISCEN performs the managerial tasks which assist the 
CNO with the allocation function, but is also concemed with the assignment function. 
NAVE.MSCEN authorizes frequency assignment applications after assuring 
electromagnetic compatability. NAVE.MSCEN also participates with all levels of sp;c- 
trum management fsuch as DON, DOD, allied, etc.) to develop management policy and 
promote spectrum harmony. (Ref. 40: Par. 01.03.0300) 

Developers design and construct the electromagnetic systems that are needed to ac¬ 
complish the mission of the Navy. I hc Chief of Naval .Material (NAVMAT) fills these 
requirements. N.W.MAT is responsible for all aspects of research and development of 
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new radiating systems, short of actual authorization for assignment and allocation. [Ref. 
40: Par. 01.03.0400] 

Spectrum users install and operate electromagnetic systems for the purpose of ful- 
niling their respective missions. The operational forces of the USN and USMC are the 
spectrum users within DON. They are responsible to control the military use of fre¬ 
quencies within their area of responsibility (AOR). This includes maintaining records 
showing their use of frequencies. Users attempt to resolve any conflicts on the user level 
to the best of their ability. Failing a solution, the conflicts are forwarded up the chain 
of command for resolution. (Ref. 40 : Par. 01.03.0500] 

Coordination is performed by Area Frequency Coordinators (AFCs). AFCs exist 
on a regional level and resolve frequency' management conflicts within their region. 
There are two levels of AFCs: service level and DOD level. 8 

AFCs also coordinate with nonmilitary organizations in the region to resolve conflicts 
involving other governmental agencies or civilian organizations. |Rcf. 40: Par. 
01.03.0620] 

An application for frequency allocation should be submitted as early as possible, via 
the chain of command, when the intended use and frequency requirements are first 
known. The ultimate destination of the application is the oflice of the CNX.). The CNO 
coordinates with the NTIA through the Navy’s membership on the Interdepartntcnt 
Radio Advisory Committee (1R\C). The CNO uses this forum to make sure that all 
prospective space systems are compatible with existing and planned systems (Ref 38: p. 
4). The application should be made utilizing a DD form 1494. A copy of DD form 1494 
is provided as Appendix G. For space systems, the review and approval process takes 

> 1 he naval AFC in NFS's region is: 

Na\T Frequency Coordinator 
Western United States 
Point .Magu, Ca. 93042 
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considerable time, from four to six years |Rcf. 40: Par. 0I.0C.032OI. As an example, 
FLTSAI COM required seven years to obtain a frequency allocation (Ref. 4IJ. Annex 
C of Ref. 40 provides clear step by step directions for completing the complicated DD 
form 1494. 

If the Department of the Naxy were funding PANSAT through the standard Navy- 
acquisition system, no major funds would be granted to the project until a frequency- 
allocation has been obtained [Ref. 40; Par. Ol.OC.OlOOJ. Ref. 40 provides a twelve step 
process which should be followed to facilitate the approval of a frequency allocation 
application. Figure 33 provides a flowchan of the twelve step process [Ref. 40: Par. 
01.0C.0220|. A more thorough description of the process follows [RcF 40; Par. 
01.OC.220I: 

1. Identify the mission: Define the needs of the system and the overall system capa¬ 
bilities. 

2. Determine requirements: Relies upon the specific functions the system must fulfil, 
such as communications, navigation. EC.M, etc. 

3. Identify implications: Conduct an overview of requirenKnts and compare with the 
state of present technology. Assess if this overview leads to the best suited fre¬ 
quency ranges. 

4. Determine allocation: Identify the potential frequency bands in which the system 
could operate. 

5. Electromagnetic environment study: Consider all the users of the chosen frequency 
bund and conduct a study to determine if the new system will interl'cic. 

6. Frequency band selection: Complete DD form 1494 and forward through the chain 
of command to the CNO. 

7. Frequency allocation application: Complete DD form 1494 and forward through the 
chain to C\0 OP-94 IF. 

8. Intermediate headquarters action: Each addressee reviews the application for accu¬ 
racy and technical content, writes a recommendation and forwards to the next ad¬ 
dressee. 

9. Review: The CNO and NAVEMSCEN review the validity of the application, its 
E.MC considerations and technical aspects. NAVE.MSCLN makes its recommen¬ 
dation to the CNO. 

10. Coordination: CNO validates the requirement, then coordinates with other services 
through his membership on the L'.S. .Military Communications and Electronics 
Board (LS.VtCEB) and for space systems, with the N IT.V through the IIC\C. 
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12. Monitor .Monitor chances which may occur with the system. A new DD form 
1494 must be submitted to change the allocated frequency band. 

Table 8 provides a list of frequencies in the LTIF.A'HF bands which are allotted to 
the federal government [Ref. 42: pp. 4.43-4.52]. Table 8 shows that PANSAT's desired 
frequency of 437.25 .MHz is not slotted for governmental use, but is designated for am¬ 
ateur service. It is possible that 437.25 MHz may still be used if technical justification 
can be provided that this is a needed resource and that frequency' is optimal. The tech¬ 
nical justification must also show that the system will not cause harmful interference to 
authorized users of the band (Ref. 38: p. C.lj. The CNO can grant a waiver to use the 
desired frequency after proper coordination with the appropriate services, the FCC in 
this instance. Other options include moving PANSAT's operating frequency to the 
225-400 MHz band, wlii.h is already allotted to military space operations. Another 
possibility is to operate outside the L'HF band, where other frequencies are allotted to 
space research and operations. These frequencies are 137 MHz in the VHF band or 7-8 
GHz in the SHF band. 
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Table 8. UHF/VHF GOVERNMENTAL FREQUENCY ALLO¬ 
CATIONS 


BAND 

FREQUENCY 

GOVERNMENT ALLOCATION 

VHF 

137-138 MHz 

(*).Meteorological Satellite, Space 
Operation. Space Research 


138-144 

Fixed. Mobile 


144-148 MHz 

- 


14S-149.9 MHz 

Fixed Mobile 


149.9-150.05 .MHz 

{*)Radionavigation-Satellite 


150.05-150.8 MHz 

Fixed .Mobile 


15O.8-162.0125 .MHz 

- 


162.0125-173.2 MHz 

Fixed Mobile 


173.2-173.4 MHz 

- 


173.4-174 .MHz 

Fixed Mobile 


174-216 .MHz 

- 


216-220 MHz 

{*lMaritime Mobile 


220-225 .MHz 

(*)FixevJ .Mobile 


22.'-?28.6 MHz 

Militar>-Satcllite 

Liir 

32S.6-.';.35.-! 

(* )Aeionautical Radionavigation 


335.4-.'99.9 MHz 

Militari-Satellite 


399.9-400.05 MHz 

{*)Radionavigation-Satellitc 


400.05-400.15 MHz 

(*)Standard Frequency and Time 
Signal Satellite 


400.15-401 .MHz 

(*)Space Research, Meteorological- 
Satellite. Space Operation 


401-401 MHz 

C^lSpace Operation 


402-406 MHz 

(*).Mcteorological Aids 


4<;»6-4o6.1 MHz 

(*)Mobile-Satellite 


406.1-410 .MHz 

Fixed Mobile. ('*)Radio Astronomy 


420-4.50 .MHz 

Radiolocation 


450-4W) .MHz 

- 


46<»-470 MHz 

Meteorological-Satellite 


4/0-512 .MHz 

- 














"t" '" . ■ ' ' ' 

r i - ■ 

t-' 

f Note an (*) indicates use on a sliared basis with non-goveminental users. Before any 

radiating equipment can be operated in the militar}' scr\ ice, both a frequency allocation 

* and a frequency assignment arc required. Frequency assignments should be initiated 
soon aAer the allocation application is approved and the test site data is known. The 

« 

frequency' assignment request is sent in standard message format called the Standard 
Frequency Anion Format (SFAF). The SFAF is sent through the Navy' AFC, at Point 
.Magu, to NAVEMSCEN. NAV'EMSCEN is responsible for the approval of frequency 
assignments (Ref. 38: pp. 3-5). The latest date at which an SFAF can be sent and ap¬ 
proved is 90 days prior to the actual operation date [Ref. 40: Par. 01.0D.0204|. Annc.\ 
D of Ref 40 has the appropriate formats and codes for SFAFs of various system types. 
The pertinent SFAF entries which apply for earth-to-space and space-to-earth systems 
arc included in Appendix II (Ref. 40 pp. D.43-D.44J. An cxun^lc of a completed mes¬ 
sage for PANS.AT in the Earth-to-space direction is also provided in Appendix II. An 

* additional SFAF would be required to be sent for the spacc-lo-earlh direction. 

The most important factor considered when CNO and NAVE.MSCEN allocate and 
assign frequencies, respectively, is Electromagnetic Compatability (EMC). E.MC is de¬ 
fined as follows: 

The condition that prevails when telecommunications equipnKnt is performing its 
individually designed function in a common electromagnetic environment without 
causing or sufrering unacceptable degradation due to unintentional electromagnetic 
intetfcicnce to or from other equipment in the same environment. [Ref. 4U: Par. 
Ol.O.A.OKtOj 

An EMC survey must be performed by the reruesting organization prior to submitting 
the frequency allocation request. The results of the E.MC survey are included with the 
submission of the DD form 1494. 

The string of organizations through which the application forms must tra . el is ex- 

' tensive. The first application to ascend the chain is the DD fomi 1494. Tlie DD form 

1494 journeys through all the intermediate headquarters and eventually arrives at the 

* CNO's office. The CNO sends the request to the USMCEB. Through the IRfXC, the 
CNO coordinates with the NTIA and the I CC. At the L'S.MCEB, the J12 working 
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group assesses tJic request and gives it a .H2 code. The J12 code is an entry on the 
SFAF, used when requesting a channel assignment within an allocated frequency band. 
The request next goes to the NTI.A and the national level. The Spectrum Planning 
Subcommittee, a working group of the I RAC, examines the request and approves it. 
Once approved, the Satellite Systems Group (SSG), another working group of the 
I RAC, study the request. This group requires an advance notification, which follows the 
format of Appendix 4 of the ITL' Radio Regulations. This notification is identical to the 
first pre-space notification filed under amateur rules. If the frequency band is shared 
with other nations, a notification following Appendix 3 of the ITU Radio Regulations 
is also required. This is identical to the amateur second pre-space notification. Once the 
SSG approves the request, the application goes to the international level. The advanced 
notification(s) is forwarded through the U.S. State Department to the IFRB in Geneva. 
The IFRB looks for possible international conflicts. Barring none, the IfRB publishes 
the notification in the ITU weekly circular. The allocation application is now finally 
approved. The entire process can take six years to accomplisi; for a satellite system. 
IRef. 41 1 

Once the frequency band is allocated, it is much easier to get a channel assignment 
within the allocated band. The SFAF message is sent, via the AFC, to N.AVU.MSCIiN. 
With some coordination along the way. NAVEMSCUN can usually approve the as¬ 
signment request within three months. If the frequency is in a military only band, such 
as 225-400 MHz, the assignment rcquc.st is sent up to the USMCEB lor approval. 
Within the geographical area of operation, the frequency proposal is done in coordi¬ 
nation with the area commander, such as CINCP.ACFLT. Should other conflicts be 
foreseen, coordination may also have to be done with the Allied Radio Frequency Board 
in Brussels, or with the Combined Communication Electronics Board, whicli is com¬ 
prised of english speaking nations. [Ref. 41} 

The military satellite frequency band from 225 to 400 Mllz is a very crowded band. 
A wide variety of systems use that particular band. As a result, it is often difficult to 
obtain an operational frequency' assignment in that band. It is easier to get an exper¬ 
imental military frequency assignmetit. Experimental assignments arc only valid for two 
years. Since PANS.AT's design life is under two years, such an assignment fulfils 
P.ANSAT s needs. The procedure for getting such a frequency assignment is identical 
to obtaining an operational assignment, except the project is denoted as being in stage 
1 on the DD form 1494. Another solution to the crowded 225-4U0 MIIz band problem 



is to use another banJ, such as 7-8 GlI/, provided it satisfies PANSAT's requirements. 
IRcf. 41J 

Classified satellites do not have to endure this allocation and assignment process. 
It makes no sense to have the ITU publish the advance notification of a U.S. black 
system. These satellites, however, are not afforded protection from harmfjl interference. 
Hostile nations may jam them at will without facing international rebuke (in public at 
least). 

Wliile the governmental route of obtaining a frequency channel for PANSAT is 
available, the quickest method is to proceed via the amateur route. The amateur license 
process requires 27 months of lead time, as compared to six years through the naval 
process. The desired 437..Mllz is also not allocated for government use. There is 
much more paperwork, including an EMC survey, and the application must survive se¬ 
veral boards. W ith a militaiy channel, however, there is a much smaller emphasis on 
operator qualifications. It is also easier to make contacts within the DON. so as to keep 
appraised of the request status. This allocation process is possible, but should be used 
only if the amateur process should fail. Should PANS.AT use a communications system 
which has already gone through the allocation process, it may be possible to bypass the 
long allocation process, or at least part of it, and proceed directly to the assignment 
phase. Using an e.vncrimcntal frequency assignment designator should also speed up the 
process. The amateur approach seems best suited lor P.^NS.AT, but .'or a more complex 
system, in whicii restricted satellite access is desirable, the federal license approach may 
be better suited. 



X. EXPERIMENTAL SATELLITE LICENSING 


Another way to license PANSAT is as an experimental satellite. This experimental 
MtcUite uses a dilTerent approach than for a military experimental satellite. The Piling 
is done under Part 5 of Ref. 28. To utilize a Part 5 Ptling, NPS would have to convince 
the FCC that NPS's SSAG was not acting as an entity of a federal agency or depart¬ 
ment. As a federal agency, NPS would be required to use the military experimental 
route discussed in the previous chapter. (Ref. 43 ] 

The Experimental Radio Service is defined as follows: 

.A service in which radio waves arc employed for purposes of experimentation in the 
radio ;,t or for porpoves of providing essentia’ .'ommunications for rcvcarcli projects 
which could not be conducted without the benefit of such communications. I Ref. 
28: Sect. 3.3ic)j 

P.ANSAT could be described nicely by this definition. In tJie experimental service's 
Kopc of service there arc several types of operations listed. Two of the listed operations 
could apply directly to PANS.AT jRcf 28: .Sect .2t»2I: 

1. Experimentations in scientific or technical radio research. 

2. Communications essential to a research project. 

The spread spectrum communications system satisfies the first operation type and 
PANSA T's experimental payload is of the second t\ pe. 

Tiling under part 3 for a space based radio station is done in the same manner as for 
an earth based station. The licensee must be a qualified radio operator able to make 
necessary transmitter adjustments. The licensee is also responsible to ensure that all 
operators arc so qualified IRcf 28: Sect. 5.I5.'|. Station authorizations in the exper¬ 
imental service are granted only to qualified individuals whose experiment fulfils one of 
the two scope of service types as listed in the previous paragraph. 

Any frequency listed in the Table of Trcqucncy Allocations (an extensive table in 
Part 2 of Ref 28), both governmental and nongovernmental, but excluding the anuncur 
band, may be used by the Experimental Radio Service if it is deemed available for sucli 








senice |Rcf. 28: Sect. 5.203 and Ref. 43). PANSAT's frequency of 437.25 .MIIz is in the 
amateur band and therefore is not available for use in this service. All experimental ra¬ 
dio frequencies arc to be utilized on a secondary or sharing basis. As such, the exper¬ 
imental systems cannot cause harmful interference to authorized users. Other general 
restrictions limit transmission times to the minimum time practical to complete the 
mission. Radiated power is also limited to the lowest practical value. Licensees arc 
authorized to transmit only when necessary and directly related to the experiment. [Ref. 
28: Sect. 5.151] 

The experimental license is good for a period of two years. Each of the experimental 
stations are required to maintain written records of operation for a period of one year 
aAer a transmission. The content of the station records should include (Ref 28; Sect. 
5.163): 

1. Date time group of the operation. 

2. Frequencies used. 

3. Power. 

4. Emission type. 

5. A chronological record of expeiimcmation conducted. 

6. Operator's name and signature. 

The Commission docs not require a report containing the results of the experiment. 

To appl> for a license to construct and operate a station in the experimental scivicc. 
rrc form 442 is used. A copy of I CC (orm 442 is provided as Appendix I. A separate 
rCC form 442 is required to be submitted for each station. P,\NS.\ f requires two such 
applications, one for the ground station and one for the satellite. Applications need to 
be submitted to the FtT.’ at least 6t) days prior to the date of anticipated operations. 
Should PANSAT exceed a two year lifetime, it would be necessary to apply lor a license 
renewal. This is done with an FCC form 4(>5. A copy of FCC form 4(.)5 is provided as 
Appendix J. Only one FCC form 4t»5 need be submitted for the entire system. (Ref. 
28: Sect. 5.55) These forms should be sent to the Frequency Liaison Branch of the F(T. 
at their Washington oflice. The license is processed through the OfUcc of Science and 
Technology. 

The amateur license approach is a more attractive option than the experimental 
route. First and foremost, it would be most dilFicult to convince the I CC that the S.SACi 
was not acting as an entity of the federal government, the DON specilkally. 1 he desited 
frequency band of 435-438 Mil/ could not be made available for cxpeiimcntal use. 1 he 


two year time limit docs not provide for much nexibility, althougii an extension may be 
requested. The numerous operational restrictions would limit PANSAT's availability 
as a teaching tool. However, the 60 day lead time is llic smallest of all the services dis¬ 
cussed. Depending upon the FCC s perception of NFS's SSAG, federal or not, the ex¬ 
perimental service presents a viable Ucensing option. 


in; 






XI. FINAL COMMENTS 


Thii thesis began by examining general design considerations for any satellite and 
specific design considerations for PANSAT and its dilTerent systems. The design process 
was found to be a most complex exercise in which many seemingly unrelated tasks are 
woven together to create an operational satellite. 'Operational' is the first key adjective. 
The ultimate goal of every satellite and each of its subsystems is to be operational. Be* 
fore any design questions can be answered, the intended mission of the space system has 
to be determined. All subsequent design strives to fulfil the stated mission requirements 
in an affordable manner. Ihe second important adjective is 'affordable.' or stated in its 
more basic form, monetary' consideration. While fulfilling a mission is the reason for 
building a satellite, financial sponsors want a cost-effective system that does not either 
bankrupt the company or encompass of the defense budget. All other design con¬ 
siderations discussed in the thesis such as physical limitations, reliability and perform¬ 
ance, arc directly alfected by the two key design considerations. Ihcse important 
considerations ask the question: What is the system supposed to do, and how much is 
to be spent building it? It could be said that mission requirements start the project 
moving and monetary considerations impede that progress. 

The design considerations discussed in the thesis arc valid regardless of the si/e of 
the project. Granted, designing a satellite system such as MILSfAR is infinitely more 
complex than the relatively simple PAN.SAT. however, the same types of questions arise 
and the same pattern of evolution of ideas is follu^^ ed in both instances. 

1'he second portion of this study addressed the satellite licensing process. It was 
determined that three options existed in which PANSAT could oU m an operating fre¬ 
quency. These options were to catcgori/c PANS.AT as either an amateur, .rtilitary or 
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experimental satellite. The option being pursued by NFS is the amateur satellite classi¬ 
fication. Advantages of the amateur option include the availability of the desired 
435*438 MIlz frequency band, the relatively simple application process, and the limited 
number of operational restrictions. The main disadvantage is that as an amateur satel¬ 
lite, PANSAT must be n»de available to all authorized amateur users and cannot be 
restricted to NTS usage. The amateur service also stresses formal operator qualifications 
more than the other two available options. 

The military satellite classification was the first option examined. It was in fact 
NAVE.MSCCN who first suggested that NTS pursue the amateur option. The advan¬ 
tages of this option are that PANSAT could be used as a dedicated NTS satellite, not 
available to the general public, and that operator qualifications arc not stressed. Dis¬ 
advantages include a ver> crowded LlIF frequency band, the very complex and drawn 
out two stage frequency application process, the need to conduct an EMC study, and 
the massive coordination required to actually use the frequency aficr it has K‘en as¬ 
signed. This type of satellite frequency assignment process is designed more for major 
IX)D projects such as f’LTSAI'CO.M or MILSTAR, in which hundreds of millions of 
dollars are expended and the project takes 10 to 15 years to design and build anyway. 
The process is not really conducive to a university’s small inexpensive experimental sat¬ 
ellite whose intent is to provide actual space operational experience to space system 
students. Should this method be pursued, it would be best to classify the satellite as a 
military experimental satellite in order to reduce frequency application processing time. 

An experimental satellite classification would be the option of choice for PANSAT 
if NPS were a civilian university. Being a military institution, however, it would be dif¬ 
ficult, if not impossible, to convince the FCC to give PANSAT experimental status. The 
FCC would probably insist that the satellite should be classified as a military exper¬ 
imental satellite, as in the prior paragraph. Advantages of the experimental option in- 
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elude the availability of any frequency band {except the amateur band), the satellite as 
a dedicated NPS platform, an extremely simple frequency application process, and a two 
month response time to tiie application. Disadvantages include increased' operational 
restrictions and a limited license duration. 

Summarizing the license options, an experimental satellite classillcation is desirable, 
but probably not feasible. This leaves an amateur satellite classification for PANSAT 
as the option of choice. The military experimental classification is available, but not 
tailor fit for a satellite such as PANSAT. 

The amateur option has been chosen, but there is still future work to perform. The 
first pre-space notice has already been sent to the FCC for filing with the IFRB. Future 
work on the licensing process include filing the second pre-space notification five months 
prior to the anticipated launch date. Once operational, an in-space notice should be 
filed. Finally upon system termination, a post-space notice is filed. Before drafiing any 
of these notices, the current edition of the pertinent references should be consulted. 
Federal rules and requirements, espceially in the amateur service, are rapidly changing. 
Two years from this date, there could be vast clianges to the requirements involving this 
eonstantly evolving field. 
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APPENDIX A. SAMPLE FCC FORM 610 


PiOtlUL COMMUNICATIONS COMMIMION 
P.O. Att lOtO 
OliTTVUUNO. PA <7aM 


Approved OMB 
3060-0003 
6ip«t«t ia/3i/a9 


Am.lCATION TOR AMATfUR RADIO STATION AND/OR OPERATOR LICENSE 

NO ^CC fikINO nt AIOUAID IM* miiiuciion n| 





A. fOC JUhMme PwfiM toM CliU 


A. CINTtiriCAtllS) 0^ SUCCIiSfUL COMPLCTtON 07 AN 
IXAMtNATlON HikD 




17 VOU HOLD A VALIO LICINtl ATTACH TNI ONtaiHAL LiCINtI ON NHOTOCONV ON lACr. 07 APPLICATION. |7 THi VALID LICINAI 
ON eiNTIPICATI 07 SUCCIlirUL COMPLITION 07 AN CJUMINATION WAS LOIY ON OIITNOVIO. PlIAll IXPLAIN. 


CHICK ONI ON MONIITIMI, NOAHALLV ALL LICINIII AM IIIUIO PON A 16 TtAN TINM 


DNINIWLICINII-NO OTHIN CHANGES ■'' . . — 

□ NlINlTAtE UCflNIE IKPiNiO lllS THAN 2 VIARS ~ 

□ examination 70H NEW LICENSE 

□Examination to uponaoe openator class 
CJChanOE call sign (It luif you if* *ii(|)bi*-S<« Iaai 2Et 

□ chANQE name (Qiv* <Q(m*t ncmt) ■■■ ■ — —m-i ■ 
□change mailing address 

□ change STATION lOCA'iUL 


expiration date (Month. Diy. Vmi) 


I PORUEP LAST NAME 

I 

I FORMER FIRST NAME 


SUFFIX (Jf Sr , He ) 


middle initial 























































FCC form 610 (continued) 


ATTACH THt OfHOmAl LICtNU OH HHOTOCOPT HtHl 


•ICTION ll-IKAMINATION INFORMATION 


SICTiON H.A rOM NOVICI O^lfUIOft IXAMtNATlON ONtV. U M by Iht AAminliltrlAi Vll Ifltr eomplttlnf \ht Afminliltrinf VI • 

W>p<w1 %n th» pthtf $m ft tWt <»rw,___ 


CtAttPICATlON 

t CCATtpy THAT I h«vt wHA lh« Admin<iltftng VC fdptjtfdmtftli iiMtd m Pam •? ot th# Comminien t Aulti THAT i havA tdminiataiNd lo ih# 

•ppiKini and |(Mtd in imitiuf fldw nplrato* tRammalion »n MeeiQ|Ae«»ilhPirt97 e< IHt Cemmitiioni Auiai THAT i havt mdif'iiad m iha Adminiitar- 
inp vC'f AtpoH the •aimmaiion Mmantiit iha ippntfim paiaad THAT i niva iiiniintd doeumtnii hiid by tha ippiicin* ana l hiva ind>CAiid m tnp Ad 
mimiitring VC'I AtpoH thf #vimiAiiion aiamani lo^ which iha lopiwini H givan aiammaiion ciadu m Kceidihca with PiM IT at tha Commiciien • Au'bi 


1A VOCUHTCIA IXAMINIHI NAMC (riril. Ml. lail. Aullii) (fim af Tyiiai 


1|. VCI MAtUNO AOOAIII iNumbai. Airaal. City, tilia. 2lP Codai 


ID. Vl t ITAtlON CALI |ION 


I le. VC I OACAAtOn CLASS 

□.OINIAAjs_ □ AOVANC IO_ □_AM ATtuA IKTAA_ _] ___ 

11.' UCINSC tXAIAATlOH OATC ' " ‘ ( 'irfic VOV HAVE AN APPUCATION PENOrNO COn'vOun llciNSC. 


10. HONATUAt (Mull mitch Ham 1A) 


DAT! IIONCD 


lA. VOlUNTIIft IXAMINER'I NAMC (Alftl. Ml. (.III. lullial (Awl v tfpn 

II, VI1 MAIUNO AOORCII INuiAM'. tllMI. C'l. IIAIt. {IP CMCI 


ic. vesoPifiATOACiAss 

□ bCNCPAL □ ADVANCED □ AMAtCUA CXIRA 

ID. VE 8 STATION CALI SION { 

tl. LICCNSi CMPIAATION DATE T IP. IP YOU HAVE AN APPLICATION PCNDINO POP vOUP LICENSE 

1 GIVE PILING DATE 

10 tlONATUPC (Mud mtich lltm :Ai 

datc HONED 

SECTION M-l PON TECHNICIAN. OINBNAL, AOVANCIO, ON AMATBUN IITNA OPENATOR EXAMINATION ONLY. Ta ba camslalad by IM Ad' 
miniaiarini Vli altar aamplatlhf lha Adminitlarthf VS i Naport an (ha oihar aid# al (hli lorm 

CINTIPICATION 

1 1 CEPTIPY that 1 hava eomplifd wilh thf Admimiifnnit vE (aquiramanl* ita'ad in Pan 97 o' lha Cornmitiinn | THAT 1 hava artmimiit'ad Ip IPy 

applicani and 9'adfd an amaiacr radio opaialu' aiammai-un m tccordanca with Pan 97 ol 'h» Comnttiy'on t Riiia» THAT 1 liiva ind>caitd >n Ihc Admms^lri 
ing VE r Papon ihc aiammaiion alaniani(ii iht applicant caYaad That i hava aaammad documanir hald bv >ha appmani and 1 hava inpicaicd >>1 itm Ad ' 
mimiia'ing vE i Pfpoh thf aiammaiion aitmani(i) tot whicn ma appiicani la givan fiaminiDen eitcit m Brcoidanr» witn Pan IT pi lha Cnmmiiamn a 

lA VOlUNtllM IXAMinEPS NAMfi {r^ii Ml. Lait fuii.ai ihnnr p/ 

IS VEI station call SiON 

lC. llONAtUPI (Mull maich Ham iAi 

t)Afc SionEd 

lA. VO'.UNTtIN lAAMlNim NAMI |F»|I. Ml.'lail. 8vill>.| lA'nl a, 

•I. vtc ciAiioN cAu Sion 

1C. SlO^Atu^E (Mull maich iiam 3A) 

BaVc Siqncd 

3A. VOLUNiUr tXAMINA.RI NAMC IFifil Ml. Itll. Culli.l lA'mi O'triw.i 

11. VC8 IIAIION call HON 

1C. SiONATUhE (Muai match ttam 3A| 

6Afc liSKitu 


PCC PoFrn eiO 
Sapicmbai 190? 


ul orMaMNaul BN'T’MQ caret iH*i«»ac*(M| 





















































APPENDIX C. SAMPLE FCC FORM 854 


C»mmunteit)oni Uio*‘ 

Riqutit fpr ApD^Pval of ^fopotfd Amattur l^idio Antonna ohO Notification of Aeiien 


Init'vctiona 

• CftmotaU tHii l«fm OAiv )f naifhi of Iho ontonAo Mitl OMOOO > 

CO N nioiori iMO foot' c' ■ 

t MOD 01 mo mimnyf*' oniortcl botwoo^ thi inionni Oito |nO Onw aUfOH i«»Oii.o *«04 

• MoH mil lOOiiMtien lo ir>o *CC oniinno Igfvfv Ironch WotOiAoioft O-C 7 O 0 M 

• Am tUtimonii o" Oick 


1. M l lilt Nomo 


2 Moiling AdOilM Numb*' U tirof 


Cut 


Stoto 


2ia Cftoo 


Amoitwi Co’i tig^ 


0. Amonna hD0«bo^ 


ApfiOVOO bv 0M| 

30IO.9l}| 
fipi'OiO K 16 

_ OCO UH ONLY 

AfipiOvK OV 
Olti- 

'CjNe ebitniObon mofhing roouirod. 
Oooit/yetion mortung rtouirod. 

Ofoffn Ml Mr.- -' — 

DfowwMtAeof __ 


NQTi Ta Ijnd iht north iitiiwOi wool longi'goo mo Kio fifvoiton oMho oniormo UKOnon. goo o 7 | mmyii tooMiODHie ouoorongio mip Thik 
rMv bo auahiMO ir«m IM U ft ChMio«'''-A< iu'VOv lOroihingion 0 C- 20247 0 > U ft Oo0i00i(0i ftunrOy. D*r«v«r. CoiorOOo 10231 Vou 
mult ottormn 0 oOu* north loiiluM mo Mit toA|iluOf ong nt|t ica|i(uO« to tbo noorooi lOcAnd 


ft 


i 

WQQM 



1 North 

(.aiituaa 

■■■ 




CnocK 'ha tvM o' lupoon iiiuetura orui;oia<r 'or ini oniOArti. uJ tow*' 







nn 

■i 

■1 


Opia — |lp 9 ^ OlhO' IMoKi 


ft. <11 <»ivi iHo owvltiaA o' ih# ground ooo«a noOh 000 lotoi 01 onionno »it« ♦*»' 

Ibi O'VI tM OiM'O’i ho ghi of ih« oriithho O(rw«tgro otovo ground lOvo . i*«i 

'c> Tho OwO'Oll h«i|hi aoovo moon ooo ipiO' « ooc ftia> orve t>bn 


Will thil anianrM roow'* notihuofion o* oroe.ci4oo (eniiruet<on to tn« kAA* ^ vot No iftoo otC auii ft Ao 9 w‘ 0 t<ont loeiiOh 17 f b 
1? *4 II " >H j.,» ’hf 'oilQyyind •nlormotm/' . . _ 


^ V«4tion nt lAA OH'OO NatlUo 


Poll o' NPIllioOtien 

_L 

OAA ftiuov NumM' I 

1 

ft W'll l^a inior.na oh anlling tt'UCluia' 

Tfi Ni/ 1' •Voa piya ihO '©iioning in'orn'Oi’Oi- 


1 Noma o' (.'OOhoa* 


! 

I rcc CO" ftrg^ 

''0 • f lO'Cf 1 

L. 


» 

^ IM L 

_1 


I conify tn*' I am tna atMuo-r^omod otipiicmi mo mat oil ititomoAia rnono on (h-» ^nrnco'iun mo any anornmorMi noraie O'O irgo «n« eemvitu lo ih# t>oi' 
o' ftif inovNiodg# __ 

ft'g''i'y'a OO't , A wiittuilv folio ilitomonl ii o erimmoi effonoo U I Ceil 

i THIO 11 loction lODi 


*CC 0S« OS*- 


Wht'' vi'idf'ao n« m# OCC ftat' ihii igrrn or'd any onacnition|i|i Mcnmo po'i o' vou' amorour radio iioiien ncmio Oaip it anin your itoiion 'uti 
NOTI This '8 NOT AN .'.uThOA'iATiON TO TAASftMiT 


^loanopo I Noma 


Imatour Coll ftigrt 


i.e»;oiiBri o' ArMonna 


Anionrti Con'dinata* 


North kll-tuda 

Waal congriuda 

Dtg'ooa - Mmuin • fo«ondi 

Oogrtaa • M>rtyif| • ftaCQhOi 


Afm|rk| 



□ 

□ 

□ 


Aniff'rtf hfigni OPP'OvOd II_ 

No obltruelion rniramg 
Mortod It LigMad par 70C Pormi|- 


lD I'« '■•_ 

O f’M _ 


'tat 'AQl> 


•ccasi 

junt *m:- 
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APPENDIX D. SAMPLE FAA FORM 7460-1 


po^jr MUQVl CAMPUS 

o 


^riiM 4 j|it ^>r»r ijMt* Nf t'^yuUm 

XSSS5l5if“tu3n5uSB^"^^^^^" 


NOTICI or »MOPOIID CONtTNUenON OR ALTIRATION 


rr 

U >w> 

0 AMillar 



■■a 



Jill 






oenilnielion w allMtuen. i)>u>noi' i»m cm tux<'i</«c«K 


r 


n 


TTBSI iBSl M iM»rw^^!SSA5rSrefttptr«n(» I 


TToffiBffpmBSn o f^rTTfCSuT" 


>AtVt» »CW*| fhl 

h'pttOMIbfmMilMAM D'Tv»>MK«f 

DAitoni wltit^inf 'Km ftnutiu'* 

lACiwM lift IftttenlifuiAliOAOi UtM*! lt•n|lnlU* 0 ^ nrwi 
tm It'**! in <r« ViCiMf •( 

••4 •uN« •ttprnt 

lh<>uM •niormAt«r« iii» 

*Aa (•ma' aik a> ir# atotMM luueuft 


tn wy» t»m H fHtri**# l »»***» ; 



r«:nnarTrirTH'.Mi-i'.',’?!fifiL'L';u!iL"ii 

fTc ntt‘U mona 

1 NU'Mt&iii o< 1o»r> to# bill* 


IHHHHli 


IHHHI 

i[[iijiiiiiiim 




HiSHH 

mmmmm 

tt- b.'MI on llp<^ illuCIW't 16 •riOO” 

C IM<« n)»»' M» «*•.«>« 





••'IV* I 0^0 •ifitrtfi* »i0'|'0ia0 N0 )i«0'#9w'' 0*«#"'I flp'» '«■ if# 'i'|i 0"» '*0 »''Ooo’ •»®<» 

iHi*l?QK a o'l'X *♦•»■• Atto*'|>0 If uff$, 


I HtnilY CCRTi^Y thti all Qt lh« abovt tliltmanti made by m« art iru«- cnmpltta. and eorrtcl to Iht bait ot my 
hnowladbt. In addition, I agraa to obtirxiclion marM and^of light tht atiuclurt m aecordanet with ailabliahtd marking A 
lighiing itindardi it naoataary. 





DO NOr CARfiOSi 
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APPENDIX E. PANSAT'S FIRST PRE-SPACE NOTIFICATION 
A. SAMPLE COVER SHEET 

Naval Postgraduate School 
Space Systems Academic Group 
Code SP» 72) 

Monterey, Ca. 93943 


1 May 1990 


Federal Communications Conuiiission 
Persona! Radio Branch 
Rm 5322 

1919 M St. Northwest 
W ashington. DC 2'J5.'4 
AITN; .VIr. John Johnston 

Dear .Mr. Johnston. 

The Nava) Postgraduate School's (NFS) Space Systems Academic Group has de¬ 
signed and is presently constructing a small amateur communications satellite. NFS's 
Petite Amateur Nasw Satellite (PA.\S,\T> will provide the amateur community tJie op¬ 
portunity to work with a spread spectrum communications capability as well as acting 
as an on-orbit laboratory for Space Systems students at NFS. PANS.AT will also carry 
two experimental payloads. The first will test the performance of solar cells and their 
degradation. PANS.-M's second c.xpcrimental payload will involve testing the relatively 
new technology of ferroelectric memory. Both experiments could produce valuable data 
which could affect the development of future space related hardware. NFS has been in 
contact with the Radio-.Amateur Satellite Corporation (A.MSAT) while developing the 
conamunications package on PANSAT. 

At this time, NFS wishes to request that the Conunission authorize the operation 
of PANS.AT into the Amateur Satellite Service. It is anticipated that PANS.-\T will be 
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launchcvl around 30 July 1992. I hc licensee trustee for this satellite is Mr. Max 
Cornell KO.MC, who holds a valid amateur extra class license, and will be directly in¬ 
volved with the command and control operations of the satellite prior to and after 
launch. 

The licensee trustee's name, license address, and station address are as follows: 

Address of Operator's License; 

.Max A. Cornell KO.MC 
Code 62EL M’S 
.Monterey, Ca. 93943 

Address of Station License: 

K6LY 

BLDG 205 NTS 
.Monterey. Ca. 93943 

In accordance with Part 97.423 of the Commission's rules, NPS is providing H'RB 
Advance Publication Information in the format of Appendix 4 of the I'fL' Radio Regu¬ 
lations. This infonnation follows this cover letter. This correspondence is intended to 
be the first pre-space operation notification. The second pre-space operation notifica¬ 
tion will be filed in January 1992. It would be much appreciated if the Commission 
would file the first notice with the Il'RB on our behalf 
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It is requested that you advise NI*S when the notificat'on is being forwarded to the 
IFRB of the Inlcrnaiional Telecotnniunieaiions Union. Your attention to tliis matter 
is greatly appreciated. If there arc any questions regarding this matter, please feel free 
to contact me, XXXXXX XXXXXX, or Daniel Sakoda at NFS Code SP(72), Monterey, 
Ca. 93943. The phone number is (408) 646-2299. 


Sincerely, 


XXXXXX X XXXXXX 
P.ANSAT design team 


1!3 


D. INFORMATION FOR ADVANCE PUBLICATION OF PANSAT AMATEUR 
RADIO SATELLITE 


Section A: General Information 

The administration of the United States of America informs the members of the ITU 
of its intention to authorize the operation of a satellite into the Amateur Satellite Ser¬ 
vice. The Petite Amateur NaN7 Satellite (PANSAT) will operate in low earth orbit and 
provide licensed radio amateurs with the opportunity to work with a spread spectrum 
communications capability. The satellite will be licensed by the administration of the 
United States of America and is the subject of this Advanced Publication Information. 

Section B: General Characteristics to be Furnished fur Satellite 

/. Iiientificution of Satellite: 

PANSAT-OSCAR-(TUl)) 


2. Date of Initial Operation: 


30 July 1992 


3, Ailininistration Subniitting Advance Information: 


United States cf America 

I'cdcial C^otiiinunicatioiis Commission 

Washington, DC 2()534 
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4, Orbital Information Relating to the Satellite: 


Inclination: 28.4 deg 
Period: 94 min 

Apogee: 480 km 

Perigee: 480 km 

Number of satellites with the same characteristics: 1 

Section C: Characteristics of Satellite System in Earth-tu-Space Direction 

I, Earth'to-Spnee Service Area: 

United States 

2. Classes of Stations and Sature of Service: 

i:a, ta, td, tr, o r, IIX. i.nd 

i. Frequency Range; 


Centered on 437.25 Mllz for both telecommand and user stations 








4. P 0 wer Characteristics into the Transmit Antenna: 


Maximum Spectra] Power Density: 

Telecommand: >53 dBwMz 

User Earth Stations: *50 dBW, Hz 

Typical Antenna Radiation Pattern: 

Telecommand.....Beamwidth: Omnidirectional 

Polarization: Circular, RlIC or l.MC 
Anuteur Satellite L'scr....Bcamwidth; Omnidirectional 
Polarization; Circular, RHC or LI 1C 

5. Characteristics ef Space Station Receiving Antenna: 

Gain; -^0 dBi, omnidirectional 
Polarization: Linear 

t. AWtf Temperatare of Space Station Receiver: 

lOOU K 

7. Secestary Bandwidth: 

Telcconmund and L'ser Channels: 12<K> Hz spread out to I MHz 

II'* 






8, Modulation Characteristics: 


BPSK direct sequence spread spectrum 
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Section D: Characteristics of Sateliite System in Space-to-£artli Direction 


/, Space-to-Eatth Service Area: 


United States 


2. Classes of Stations and Nature of Service: 


EA, TA, TD. TR. OT, IIX, 1. ND 


i. Frequency Range: 

Centered on 437.25 Milz for both telecommand and user stations 

4. Power Characteristics of Transmission into Antenna: 

Maximum Power Spectral Density: *53 diJVV,H/ 

Minimum Carrier Power; 5 W (7 dliW) 

5. Characteristics of Space Station Transmitting Antenna: 

Gain: + 3,0 dBiC, Omnidirectional 

Polarization: RliC or LUC (Apparent polarization varies with 
spacecraft rotation) 

6. Characteristics of Typical Receiving Earth Station: 

US 









Total Receiving Noise Temperature: 400 K 

Typical Receiving Antenna Radiation Pattern: 

Gain: +0 dBi 

Pattern: omnidirectional in azimuth 
Polarization: linear, vertical 
rigure of Merit (G 'l ): -26 dB. K 

7. Necessary Bandwidth: 

1200 Mz spread out to 1 MMz 

8, Modulation Characteristics: 

BPSK direct sequence spread spectrum 

Section £: Characteristics of Space-tu-Space Relays 

Not Applicable 

Section F: Supplementary Information 

None 
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APPENDIX F. PANSAT'S SECOND PRE-SPACE NOTIFICATION 


A. SAMPLE COVER LETTER 


Naval Postgraduate School 
Space Systems Academic Group 
Code SP(72) 
Monterey, Ca. 93943 


1 February 1992 


Federal Communications Commission 
Personal Radio Branch 
Rm 5322 

1919 M Street NW 
Washington, D.C, 20554 
Attn: .Mr. John Johnston 

Dear Mr. Johnston. 

This letter is a follow up on the correspondence sent to you from this organization 
dated 1 .May 1990. The prior correspondence was the first pre-space notification for 
Petite Amateur Navy Satellite (PANS.XT). We thank you and the Commission for filing 
the first notice with the IFRU on our behalf. 

The anticipated launch date of 31 July 1992 is still valid. There has been a change 
in the satellite sponsor, trustee. The new trustee for PANSAT is to be R.W. Adler, who 
holds a valid amateur extra class license, and will be directly involved with the command 
and control operations of the satellite prior to and after launch. The licensee trustee's 
name, license address, and station address are as follows; 


12f> 


Address of Operator's License: 


R.W. Adler KKKK 
BLDG 205 NPS 
Monterey, Ca. 939‘13 

Address of Station License: 

K6LY 

BLDG 205 NPS 
Monterey, Ca. 93943 

In accordance with Pan 97.423 of the Commission's rules, NPS is providing IFRB 
Advance Publication Information in the format of Appendix 3 if the ITU Radio Regu¬ 
lations. 'This information follows this cover letter. 'This correspondence is intended to 
be the second pre-space operation notification. The in-space notification will be filed 
within seven days of launch, per the FCC rules. It would be much appreciated if the 
Commission would file tliis second notice with the IFRB on our behalf. 

We thank you for your attention to this matter. Should any questions arise, please 
contact Daniel Sakoda at NPS Code Sr(72), Monterey, Ca. 93943. The phone number 
is (40S) 646-2299. 


Sincerely, 


XXXXX X x.\.\xx 
PANSAT design team 




B. INFORMATION FOR SECOND NOTICE OF ADVANCE PUBLICATION OF 
PANSAT 

Section A: General Information 

The administration of the United States of America informs the members of the ITU 
of its intention to authorize the operation of a satellite into the Amateur Satellite Ser¬ 
vice. The Petite Amateur Navy Satellite (PANSAT) will operate in low earth orbit and 
provide licensed amateurs the opportunity to work with a spread spectrum communi¬ 
cations capability. This will be the furst use of the assigned frequency by this station. 
This is the second pre-space notification. The first advance notification was published 
in the ITU's weekly circular of XX Month 199X. The satellite will be licensed by the 
administration of the United States of America, and is the subject of this Advanced 
Publication Information. 

Section B: Basic Characteristics to Be Furnished in Notices Relating to Frequencies Used 
by Earth Stations for Transmitting 

1. Assigned Frequency: 

437.25 Mllz 

2. Assigned Frequency Band: 

436.75-437.75 .MHz 

3. Date of Bringing into Use: 

31 July 1992 
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4. Identity and Location of the Transmitting Earth Station: 


Naval Postgraduate School, Monterey, California, U.S.A. 

36.35 N 121.55 W 

5. Station with which Communication Is to Be Established: 

PANSAT-OSCAR.(TBD) 

6. Class of Station and Sature of Service: 

EA. TA, TD, TR, OT. H.X, I, ND 

7. Class of Emission. Necessary Bandwidth and Description of Transmission: 

Spread Spectrum 

437.25 .MHz center frequency 

1.2 kHz bandwidth spread out to 960 kHz 

8. Power Characteristics of the Transmission: 

0 dbW input to the antenna 
-50 dBW;Hz power density 

9. Transmitting Antenna Characteristics: 
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■ 

?' ' 

’ (For a typical station) 

Gain: 0 dB 

Beamwidth: omnidirectional 
Polarization: circular, RHC or LHC 
Altitude: 90 m MSL 

10. Modulation Characteristics: 

BPSK direct sequence spread spectrum 

11. Regular Hours of Operation: 

t 

1500-2400 L TC 

12. Coordination: 

United States of America 

/ 

^ 13. Agreements: 

Not Applicable 

' 14. Operating Administration or Company: 

Federal Communications Commission 
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1919 M St. NW 
Wasliington, D.C. 20554 
phone: (202; 653-8144 

Section C: Basic Characteristics to Be Furnished in Notices Relating to Frequencies to 
Be Received by Earth Stations 

1. Assigned Frequency: 

4.37.25 MHz 

2. Assigned Frequency Band: 

436.75-437.75 Mllz 

3. Date of Bringing into i'sc: 

31 July 1992 

4. Identity and Location of the Receiving Earth Station: 

Naval Postgraduate School, Monterey, California, L’.S.A. 

36.35 N 121.55 W 



5. Station with which Communication Is to Be Established: 




PANSAT-0SCAR-(TBD) 


6. Class of Station and Sature of Service: 

EA, TA, TD, TR, OT, HX, I, ND 

7. Class of Emission, 'Necessary Bandwidth and Description of the Transmission to Be 
Received: 

Spread Spectrum 

437.25 center frequency 

1.2 kHz bandwidth spread out to 9 (j 0 kllz 

S. Earth Station Receiving Antenna Characteristics: 

(For a typical station) 

Pattern: omnidirectional 
Polarization: linear, vertical 
Figure of .Merit: -26 dB *K 
Altitude: 90 m .MSL 

9. Noise Temperature, Link Noise Temperature and Transmission Gain: 

400 °K, 290 *K and 0 dB, respectively 

10. Regular Hours of Operation: 
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1500-2400 UTC 


11. Coordination: 

United States of America 

12. Agreements: 

Not Applicable 

13. Operating Administration or Company: 

Federal Communications Commission 
1919 .M St. NW 
Washington, D.C. 20554 

Section D: Basic Characteristics to Be Furnished in Notices Relating to Frequencies I'sed 
by Space Station-: for Transmitting 

1. Assigned Frequency: 

I 

437.25 .MUz 

2. Assigned Frequency Band: 
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436.75-437.75 .Mllz 


3. Datt of Bringing into Use: 

31 July 1992 

4. Identity of the Space Station: 

PANSAT-OSCAMTBD) 

5. Orbital Irformation: 

Inclination: 28.5* 

Period: 94 n»in 
Apogee: 480 km 
Perigee 480 km 

Nuntber of Satellites in Constellation: I 
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APPENDIX G. SAMPLE DD FORM 1494 



ATPUCATION FOR EQUIPMENT 
FREQUENCY ALLOCATtON 




faim 

OMt Mo. 97M4IM 



t. MniCATION TITLI 


a. IVITIM NOMINCUrURI 


I. ITAOI Of AUOCATIOM M wi 


r~i • iTAfii I 

CONCIfTUAI. 


C-9 


C-11 


cJi? 


b tTAGt 2 

mnrimintal 


I I e. tTAOl J f~'' 1 d STAOI f 

DIVIlOfMINTAL OffHATlONAL 


A fMOUINCT MQumitMINTS 
«. r«quiNCY(iiti 
b. IMItSION OISIGNATOflll 


b/ iT .nn/n. 'rt .i. T UKMm rm: 


I. ITAGI 2 


I. IXTINT Of Ull 


7 . GIOGRAfHICA'. ARIA fOI 


• ITAGI 2 


b STAGI ] 


«. STACI 4 


C-13, ANNEX G 


UINT STAGli 


b. STAG! 1 




9. NUMIIK OP UNITS 09IPATINC SiMULTANlOUSLT IN THC SAMI INVmONMINT 

C-15 



n. IS THIAI ANV CPIAATIONAl NIQUIRIMINT AS DtSCAIIID IN 
TMi INSTRUaiONS fOK AAAACRAPH IP 

VIS NO NAv«tl 




«. MOGMM manager 


b. AAOJCCT INCiNCIR 


II. RIMARKS 


(1) COMVIRCAl 


M) commircial 


OOWNCNADiNQ instructions I 

CLASSIFICATION 

C-7 ' 

c-e 



<2) AUTOVON 


(;) AurovoN 












































DD Form 1494 (continued) 



































DD Form 1494 (continued) 




t. -1 41 


b. <20 41 


C. -40 41 




C-21 


C-41 


C-23 


C-25 


C-41 


MANUrACTUUri NAMI 




C-21 


C-39 


C-23 



n. *r iiLicnvmr »«•••• 
CZ3 CALCUUTID 


o MIAiURID 


d. drMAKction Typ* 


111 w’fTTrT'mj-T I i^jr"TnnTMnn« 




IS. esaoAvoii tunio 


I. AIOVI TUNIO rAiOUINCY 


b. liLOW TUNIO IRIQUINCr 


C IITHIR AIOVI OR mow 
TMI MIOUINa 


C-45 


IT. SINSITIVITV 


A. MNIITIVITY 


II. OMMRNAIIS !> 0>,I 



c. NOlJI HO 

dl 

f I* 

1 NO 

C-47 

4 NOISE TEMP 

»:*iwin 

IS. IMAOI RlilCTION 


C-47 

20. SRURIOUS miCTION 

1 

u 
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DD Form 1494 (continued) 























DD Form 149*4 (continued) 






















DD Form 1494 (continued) 
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APPENDIX H, SFAF MESSAGE FORMAT AND EXAMPLE 


A. SFAF MESSAGE FORMAT FOR SPACE SYSTEMS 


INFO TYPE ITEM DESCRIPTION 


Heading 

Classification 

- 

- 

Subject 

- 

- 

References 

As Required 

Administrative 

Data 

005 

Security Classification 

- 

010 

Action Type (mod, new,...) 

Emission 

Characteristics 

no 

Frequencies 

. 

113 

Station Class 

. 

IN 

Emission Designator 

♦ 

115 

Transmitter Power 

Date-Time 

Informution 

130 

Time 

- 

NO 

Required Date 

• 

141 

Expiration Date 

- 

144 

1R/\C Record Indicator 

Organizational 

Inlonmitiun 

200 

Agency 


203 

Area FMO bureau 

- 

2t»7 

Operating Enil 


20S 

L sei Net Code 

Transmitter 
Location Data 

3W 

State Country 


301 

Antenna Location 

. 

303 

Antenna Coordinates 

- 

306(1X4) 

Auth. Mileage Radius 

Transmitter on 
Space Stations 

314 

Space Defense Center 
Object Number 

315 

Inclination (*) 


316 

Apogee (statute miles) 


317 

Perigee (statute miles) 


318 

Orbital Period 


310 

Number of Satellites 


321 

Power Density (dbW) 
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Transmitter 

Equipnicnt 

340 

• 

343 

Transmitter 
Antenna Data 

354 (4) 


357 

358(4) 
359 (4) 


360 


362 


363 

Receiver 
Location Data 

400 

- 

401 

- 

403 

• 

406(5) 

Receivers on 
Space Stations 

414(2K4) 


415(2K4) 
416(2K4) 
417(2X4) 
418(2X4) 
419(2X4) 

Receiver 

Equipment 

440 

Receiver 

443 

Antenna Data 

454 (5) 

455 (5) 
457 


458 (5) 

459 (5) 


460 


462 


463 

Space Systems 

470 (4) 

■ 

471 (5) 

• 

472 


Equipment Nomenclature 

Equip Allocation Status 

Antenna Name 

Antenna Gain 
Ant Elevation (ft MSL) 
Antenna Feed Point 
Height (A from ground) 
Beamwidth (*) 

Orientation 

Polarualion 

State/Country 

Antenna Location 
Antenna Coordinates 
Auth Mileage Radius 
(for mobile equipment) 

Space Defense Center 
Object Number 
Inclination (®) 

Apogee (statute miles) 
Perigee (statute miles) 
Orbital Period (hours) 
Number of Satellites 

Equipment Nomenclature 


Equip Allocation Status 

Antenna Name 
Antenna Nomenclature 
Gain (dB) 

Ant Elevation (A MSL) 
Antenna Feed Point 
Height (A from ground) 
Beamwidth (’) 
Orientation 
Polarization 

Space Station Receiving 
Noise Temp. (*K) 

Earth Station Receiving 
Noise Temp. (’K) 

Equiv Satellite Link 
Noise Temp. (’K) 
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Supplenientarj- 502 
Details 

Add. Assignment 711 (3) 
Identiiiers 

Additional 801 
Information 

803 


Description of 
Requirement 

Aeronautical Service 
Range and Height 

Coordination 
Data, Remarks 
Requestor Data 


Notes: 

(1) For mobile earth station only 

(2) For non-geostationaiy- satellites 

(3) Denote altitude for airborne stations 

(4) Earth-to-space only 

(5) Space-to-earth only 





B. SAMPLE SFAF FOR AN EARTH-TO-SPACE SYSIEM 
UNCLAS 

SUBJ: FREQUENCY ASSIGNMENT, NTS PANSAT 
005. U 
010. N 

no. M436-438 

113. TT 

114. IMOOGID 

115. WlOO 
130. 1H24 

140. 910730 

141. 940730 
144. Y 
200. USN 
203. WS 

207. NFS 

208. 31405 

300. CAL 

301. .MONTEREY 
303. 37082IN1321039W 
306. N A 

314. NONE 

315. 28.4 

316. 480 

317. 480 

318. I.52H 

319. 1 
321. -53 

340. XXXXXXXXXX (Need nomenclature for type of radio) 
343. J1269 
354. LINEAR 
357.0 

358. 120 

359. 60 

360. 360 





362. ND 

363. L R 

400. N A 

401. NONGEOS 
403. N, A 

406. N 'A 

414. NONE 

415. 28.7 

416. 304 

417. 304 

418. 1.52H 

419. 1 

440. XXXNXXXXXXX (need radio nomenclature) 

443. J1269 

454. N A 

455. N, A , 

457. 0 

458. N,A 

459. N A 

460. 360 

462. ND 

463. L R 

470. lOOO 

471. N A 

472. 96 

502. EXPERIMENTATION AS AN ON-ORBIT LABOR/\TORY FOR SPACE SYSTEMS 
CURRICULA AT NTS 
711. N A 

801. NAFC/NAFC .MSG 021200Z FEB 90 
803. JOE GISH, AV 555-5551 



APPENDIX I 


SAMPLE FCC FORM 442 


^^Itnin^tAn D C- 2CAW 


AoofO^ld Ov OMi 

lipifti 0 


AFPL1CATI0^ rOM S\\\ ON MODiniU NAUtO ttAllOS AtTHOKIZATiON CISDRII PaNT I OP PCC Plll.L< 
EXPIKfMENTAL lUniO StNMCZ (OTIIEN TIUS IROAOCaXTi 


A AppiMtfi'k Nsm »M PW Offiti ldiir«ii 

(Qtvt Mml. cii>. MU. ind ZIP Code Sm Iruifwdion So *i 

DO NOT MNITI IN THU ILOCK 

Pill No 

2 1*1 AppliCttlM (M KtUei 9Hli APJi 

U Nt* tuum Madif\caufin ai «tiiunf iu<Aoni*Hitft 

i (%) Pot MnlirUiiiDh iMiciii MiOM 

Pill N’e cm Si|n 

Appl«c*(wf> for iftodiftciiiOA iMuiU <hihf« m KftM* »il (hit •or'*' 

C P'Muivt C Efniuinn Z. Po^ir Z iMition 

OM' |u«iicvi*M idtunti* dtit** -it 14 f4A<4ir .Sv - ■ — • 

4 PinifuiVi 9f Optnuun litt P4(4«< 

-iMit 

U)i P 

Mtti- 




xiCUiAlt 

|AND»>tin4 

iiH»- 

•0> 

<|: 

< 











_ 





HHHHV 

WHHHH 




HHHHHBli 


SMMHHI 



HHHHHi 






hIHhbh 

WtKKttKKtM 

MHHHBHHI 

HHHHHHMi 




HHHIHi 


SHBBBiB9 





HHHHH 


impiHHH 



SSSSgjM 


mmumi 


HHHHHHI 

'iHHHHHi 


[_ 






_z: 

•A- Lilt ««.;n rfiag(nc) of (rigwfn^N 9ii^) UN'iu ' -If fieri ip«<i j rf^vi'K. inan i\ Exhihii S<i_> 

• hi Inien R P i^'iair it tfii iritumiHir r«rmin«li Swetn wflii« 

C Inn" funmgtfl I4iliie i/i| inwnri -If (w tli} imi»*M‘n »pisi^ Wli 

‘f)’ Ifinn '.MEAN ' er ■•PkAK" -Jm «0fiiuon» n Pi'i ! 

■ p. Liii <4in r>M 01 imiMion tiMnin^ (er M<n iriggiw iWi VeubA :oi PCC 
<P< Inwn 4» ipprovrMii for \h< fito <>( mcfeigiiti'>n 
i|) tM rrunmum ipMd e( ki«in| ji Muoi. 
iSi miunivm iwdio rfitUuUiini fridwtiK^ 

[)■ iriguino *i«i«tiofl oi <in«r 
>4i fuiM dgnuoti And npoiiaon nii 

Pw rompm tmiMioru dinnM in eiuil in iN ib«« erotidod btin« 

<.Qi tui^r-iDf fio« VM MBMUn *Andtti<ltf< •u Aiiirmtnce m ip*4i provid«l hii(i» 


i^C *43 

•aV" 
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FCC Form 442 (continued) 




Si«i. ^rof^twd iKiuofi ef ffifi4micur imI irMtmiiiini iflMKM tChtek «nt> om ftoa> 

w riXtD-B^SE Z MOHIL& G lASt A MOIILC 



(41 If fhobtli. Maonbo iho uaci aru if M*f4b(w 

luu Cfluflu City Of Town 

Ngmwr oM Hint (Of omtr iMicktirm ftf icKaiioR' 

(Cl Ongnphioal oourdinauA oaw (o (ha noaroit iMond 

( 0 ) CoograpAicol codMiamoi of M 4Mf**imoio oonior of prepmod 
oroo of oponiion (mebito apoMiooM) 

NofiA LAlitmlt 

Will UhfifuiM 
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